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A  Report  on  Location  and  Design 


 ,  emoi'  
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INTERSTATE  &  PRIMARY  SYSTEMS 


INIEHSTATt  SYSTEM 
OThEH  'RiyART 
INTERlTkTG    ftOUTC  HO. 


Foreword 


The  auchorizaiion  for  ihis  repori  is  an  agfeemeot  bemeco  the 
Suie  of  Moniana,  acting  through  iis  Highwaj  Commission  and 
Morrison-Maierle,  Inc.,  Consulting  Engineers.  Interstate  Route  15 
enters  southern  Montana  at  MonitJa,  goes  through  the  cities  of  Butte, 
Helena  and  Great  Falls  and  terminates  at  the  State's  northern  boundary 
at  Sweet  Grass.  The  area  of  study  lies  at  one-half  the  distance  from 
Helena  to  Great  Falls  in  Lewis  and  Clark  and  Cascade  Couoties  and 
traverses  a  portion  of  moderately  elevated  mountains  in  the  Missouri 
River  Valley  adjacent  to  the  Big  Belt  Mountain  Range. 

The  purpose  of  this  report  is  to  present  the  specific  recommended 
location  for  the  Interstate  Highway  from  Stickney  Creek  to  Hardy 
Creek.  Stickney  Creek  is  a  stream  three  miles  north  of  the  town  of 
Craig,  Montana,  and  Hardy  Creek  is  a  stream  six  and  one-half  miles 
south  of  Cascade,  Montana.  The  proposed  highway  alignment,  as 
reported  herein,  is  a  continuance  of  [he  highway  alignment  as  re- 
ported to  the  Highway  Commission  by  Western  Engineers  and  Mor- 
rison-Maierle, Inc.  on  October  5,  1961.  The  10  proposed  miles  in  this 
report  are  within  the  section  designated  by  classification  of  the  Mon- 
tana Highway  Department  as  Preliminary  Engineering  Project  1  15-4 
(5)  209  and  MG  15-5  (5)  2.^0. 

The  information  herein  presented  is  the  result  of  extensive  en- 
gineering studies  conducted  by  the  Consultant  of  all  possible  highway 
locations  within  or  adjacent  to  the  Missouri  River  Canyon.  The  study 
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iocludes  information  on  the  following  items  as  they  are  related  to 
all  alternate  locations  considered: 


1. 

Geometries 

6. 

Relocatioos 

2. 

Soils  and  Geology 

7. 

Design  Standards 

3. 

Hydraulics 

8. 

Construction  Cost  Estimates 

4. 

Major  Stfuctures 

9. 

Economic  Analysis 

5. 

Interchanges 

10. 

Consmiaion  Sections 

In  order  to  avoid  the  expense  of  duplicaeioa  of  effort,  all  perti- 
nent available  data  of  the  Montana  Highway  Department  was  used 
whenever  possible. 

Explanation  of  Key  Plan 

The  map  entitled  "Location  Plan  of  Alternates  Studied"  on  pages 
2  and  3  of  the  Report  serves  as  a  key  plan  drawing  to  show  the 
lines  or  locations  which  were  studied  io  detail  and  to  show  ifaeir 
relationship  to  each  other  and  to  other  features  in  the  vicinity. 

The  sttemate  locations,  for  clarity  and  ease  of  notation,  are  di- 
vided into  cwo  groups.  The  first  group  is  numbered  I  through  4 
and  the  second  group  is  lettered  A  through  C.  A  common  terminal 
point  is  located  between  the  two  groups  that  is  Interchange  2. 
A  complete  alignment  can  be  described  as  a  combination  of  one  alter- 
nate from  each  group  such  as  1-B  or  4-A.  Line  4-8  was  the  align- 
ment used  for  the  initial  Montana  Interstate  cost  studies  submitted  to 
the  United  States  Bureau  of  Public  Roads  and  identified  by  the  Mon- 
tana Highway  Department  as  Estimates  108  (d)  of  date  July,  1957 
and  104  (b)  of  date  August,  I960. 


In  order  to  more  fuUy  comprehend  the  material  contained  in  this 
report,  a  brief  explanation  of  some  of  the  pertinent  text  terms  follows: 

Alternaie — A  possible  location  either  from  Beginning  of  Project 
to  Interchange  2  or  from  Interchange  2  to  the  End  of  Proj- 
ect. Alternates  1,  2,  3  and  4  arc  locations  from  Beginning  of 
Project  to  Interchange  2  and  Alternates  A,  B,  and  C  are 
locations  from  Interchange  2  to  End  of  Project. 

Alignment — A  complete  alignment  from  the  beginning  to  the 
end  of  the  projea  consisting  of  two  Alternates,  a  numbered 
Alternate  and  a  lettered  Alternate, 

Twelve  different  alignments  are  possible  by  matching  each 
of  the  4  numbered  Alternates  with  each  of  the  3  lettered  Al- 
ternates. The  total  cost  of  each  of  these  alignments  and 
Alternates  is  shown  in  Figure  37  near  the  end  of  this  report. 

Channel  Change — An  area  where  the  channel  of  the  Missouri 
River  will  be  changed  in  major  proportions.  There  is  one 
of  these  in  the  studied  area.  It  will  be  on  Alternates  1  and  2. 

Channel  Alteration — An  area  where  there  must  be  a  modest  exca- 
vation on  the  opposite  side  of  the  Missouri  River  from  the 
Interstate  location  to  allow  adequate  channel  area  when  the 
Interstate  encroaches  on  the  existing  river  channel. 

Recommended  Location — ^The  Alignment  chosen  as  being  the 
most  economical  location  and  giving  the  maximum  amount 
of  service  benefits  considering  all  facets  of  design  and  eco- 
nomics applicable  to  this  study. 


For  ease  of  reference  and  in  order  to  clarify  the  interrelationship 
of  the  various  lines,  a  line  diagram  is  shown  on  the  drawings.  The 
configuration  of  any  one  complete  alignment  can  be  noted  on  the 
line  diagram  by  following  the  respective  Alternate  numbers  and  leaers 
from  the  left  side  of  the  diagram  labeled  "Beginning  of  Project"  to 
the  right  side  labeled  "End  of  Project,"  A  mental  transposition  of 
this  configuration  to  the  key  plan  will  then  indicate  the  desired  Al- 
ternate or  Aligixment. 

The  stationing  at  the  Beginning  of  Project  is  1056+00,  which 
is  identical  with  station  1159-fOO  End  of  Project  of  the  report  "Inter- 
state Route  15,  Wolf  Creek  to  Stickney  Creek"  previously  published 
by  the  Consultant  and  dated  October  1961.  This  alignment  south  of 
Stickney  Creek  has  been  accepted  and  approved  by  the  Montana  High- 
way Commission  and  the  Bureau  of  Public  Roads,  The  stationing  is 
generally  sequential  on  Alignment  1-C  to  the  end  of  the  studied  area. 
The  other  alternates  are  sequential  from  where  they  separate  from 
Alignment  1-C  and  equate  where  they  rejoin  Alignment  1-C  or  each 
other.  Stationing  of  all  lines  was  extended  to  a  common  terminal  point 
of  intersection  north  of  Hardy  Creek  where  they  join  to  the  Montana 
State  Highway  Interstate  Project  which  was  recently  construaed. 

Summary  of  Recommendations  and  Costs 

It  is  recommended  that  the  alignment  designated  and  detailed  as 
Alignment  1-C  in  this  report  be  accepted  as  the  proper  4-lane  loca- 
tion to  be  designed  and  constructed  for  Interstate  15  from  Stickney 
Creek  to  Hardy  Creek.  Facts,  figures  and  illustrations  contained  in 
this  report  will  substantiate  this  recommendation. 


ThU  location  is  tKe  most  acceptable  uf  all  alignments  investigated 
because: 

1.  It  is  the  shortest  louie, 

2.  It  provides  the  best  service  to  the  area  throughout,  from  the 
ability  to  provide  continuous  service  from  either  direction  to 
all  residents  and  patrons  using  any  part  of  the  study  area. 

3.  It  has  the  least  annual  cost  expenditure. 

4.  It  will  be  easiest  to  construct  since  it  obliterates  the  least 
amount  of  present  highway  and  maintenance  of  traffic  through 
the  construction  area  will  be  at  a  minimum. 

5.  The  present  highway  will,  to  a  large  extent,  be  retained  as 

mileage  of  road  rather  than  lost  due  to  new  construaion  in 
the  same  vicinity. 

6.  There  will  be  a  minimum  of  roadway  being  constructed  in  the 
Missouri  River. 

7.  Access  problems  to  lands  adjacent  to  this  aligimient  are  fewer 
and  of  less  importance. 

8.  it  has  the  least  angular  defleaion  of  all  prt>posed  lines. 

From  the  Beginning  of  Project  to  a  point  adjacent  to  the  mouth 
of  the  Dearborn  River  the  alignment  follows  the  existing  highway. 
At  this  point  there  is  a  Missouri  River  and  Great  Northern  Railway 
crossing.  A  very  short  distance  from  this  crossing  the  alignment  passes 
through  a  rocky  saddle  onto  a  flat  sloping  plain.  At  the  lower  end 
if  this  plain  there  is  another  railroad  crossing  and  immediately  after 
this  crossing  the  alignment  passes  to  the  left  of  a  Missouri  River  chan- 
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nel  change.  The  alignment  then  follows  between  the  railroad  and  the 
Missouri  River  for  approximately  two  miles  where  there  is  another 
Missouri  River  crossing.  After  this  river  crossing  the  alignment  tra- 
verses a  curve  to  the  right  to  an  interchange.  From  this  interchange 
the  alignment  climbs  a  sidehill  to  a  rock  saddle.  On  the  north  side 
of  this  saddle  the  alignment  follows  down  a  long  slope  to  another 
Missouri  River  and  Great  Northern  Railway  crossing.  From  this  cross- 
ing the  alignment  continues  to  a  connection  with  the  recently  con- 
structed highway  project  which  is  the  End  of  Project. 

The  proposed  alignment  is  portrayed  in  detail  on  Plan-Photo 
Figures  I  through  16.  A  design  speed  of  50  miles  per  hour  on  the 
Interstate  roadway  was  used  for  the  determination  of  the  geometric 
features.  Interchange  ramps  will  safely  accommodate  traffic  with  an 
exit  or  entrance  speed  corresponding  to  this  design  speed.  The  maxi- 
mum grade  is  5  per  cent.  The  maximum  curvature  is  6  .  Transition 
spirals  are  used  on  all  curves  exceeding  1  V2  degrees.  Vertical  curves 
were  designed  with  a  minimum  stopping  sight  distance  of  600  feet. 
The  simimation  of  horizontal  deflection  angles  on  Alignment  1-C  is 
867  degrees,  which  is  a  51%  reduaion  from  the  total  of  1775  degrees 
on  the  present  highway. 

One  interchange.  Interchange  No.  2,  is  proposed  on  the  recom- 
mended alignment  and  the  preliminary  layouts  provide  for  desirability, 
adaptability,  and  attainability.  This  interchange  will  be  a  diamond 
type  and  will  be  located  generally  in  the  center  of  the  studied  area. 
Continuous  service  south  of  this  interchange  will  be  provided  by  the 
use  of  service  roads  and  the  existing  highway  between  this  inter- 
change and  the  Stickney  Creek  interchange.  Continuoiu  service  north 


of  the  interchange  will  be  provided  by  the  use  of  service  roads  and 
the  existing  highway  between  this  interchange  and  the  Tintinger  In- 
terchange located  two  miles  north  of  this  project.  Two  grade  separa- 
tions are  employed  using  the  ends  of  the  two  most  southerly  Missouri 
River  bridges  for  the  servict;  roads  to  pass  under  the  Interstate. 
Construction  Cost  Estimate  of  Alignment  I-C: 

Grading  $3,250,551 

Surfacing  1.055,795 

Major  Structures  3,209.000 

Other  Construction  578,628 


SUBTOTAL 
Construction  Engineering  and 

Contingencies  (10%) 
Right  of  Way  


809,397 
173,000 


$8,093,974 


TOTAL  COST 


$9,076,371 


Geology  Report 

Purpose  and  Scope  of  this  Investigation 

This  reconnaissance  study  was  made  in  conjunction  with  prelim- 
inary location  design  with  the  following  purposes  in  mind: 

1.  To  locale  and  map  in  the  field  the  general  geological  ma- 
terials and  conditions  which  would  be  encountered  in  the 
various  routes  imder  study. 
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2.  To  determiQe  areas  which  may  affect  highway  design,  and 
furnish  geological  details  where  rock  cuts  may  be  extensive, 
stability  of  slopes  may  be  critical  and  sources  of  road  bed 
materials  are  available. 

3.  To  furnish  any  data  pertinent  to  highway  design  in  regard 
to  field  conditions  at  the  site. 

Methods  of  Investigation  and  Acknowledgements 

The  geologic  map  was  prepared  in  the  field  with  the  use  of 
aerial  photos  of  scale  1  inch  equals  1,000  feet,  and  U.S.G.S.  topo- 
graphic maps  of  scale  1  inch  equals  2,000  feet.  Geologic  names,  peiro- 
graphic  descriptions  and  geologic  concepts  incorporated  in  this  report 
were  taken  from  Bulletin  No.  55  "Igneous  Rocks  of  the  Big  Belt 
Range"  by  J.  B.  Lyons,  a  Geological  Society  of  America  publication. 

Geography 

The  section  of  the  Missouri  River  Canyon  included  in  this  study 
is  essentially  a  deeply  dissected  mountainous  region  composed  of  vol- 
canic rocks  and  their  related  intrusives.  Here  the  river  has  cut  its 
present  channel  across  the  northern  flanks  of  the  Big  Belt  Mountains. 
Flowing  in  a  northeasterly  direction,  the  river  has  formed  a  scenic 
combination  of  wide  valleys  and  narrow  canyons.  The  major  tribu- 
tary to  the  Misiouri  River  within  this  area  is  the  Dearborn  River 
which  drains  a  considerable  area  lo  the  north.  The  confluence  of 
the  two  rivers  is  approximately  two  miles  north  of  the  beginning  of 
this  study.  Numerous  smaller  tributaries  tlrain  the  surrounding  moun- 


tainous region.  However,  none  of  these  streams  have  a  continuous 
flow  throughout  the  year.  In  some  areas  the  canyon  walls  rise  nearly 
500  feet  from  the  valley  floor.  The  width  of  the  valley  varies  from 
approximately  800  feet  in  die  canyon  narrows  to  3,000  feet  in  the 
wider  valley  sections. 

Historical  Geology 

The  Laramide  Revolution,  a  name  given  by  the  historical  geolo- 
gists to  the  last  major  phase  of  mountain  building  in  western  United 
States,  caused  the  formation  of  the  Rocky  Mountain  massif  at  the 
close  of  the  Cretaceous  Period.  Accompanying  this  uplift,  all  rocks  of 
Cretaceous  age  and  older  adjacent  to  the  Rocky  Mountains  were  af- 
fected by  faulting,  folding  and  extensive  volcanic  activity.  Smaller 
mountain  ranges  were  formed  such  as  the  Big  Belt  Moimtains  which 
were  later  to  be  deeply  eroded  and  transformed  into  the  rugged  topo- 
graphy that  exists  today.  Down  cutting  of  the  existing  Missouri  River 
Valley  began  sometime  durng  the  Tertiary  Period,  and  glacial  dam- 
ming of  its  flow  during  the  Pleistocene  Period  formed  a  large  lake 
which  occupied  the  valley  and  deposited  large  amounts  of  clays  and 
sands  over  the  pre-existing  volcanics  and  river  sediments.  After  the 
lake  drained,  the  river  began  cutting  its  new  channel  through  the 
lake  deposits  and  finally  into  the  river  sediments  where  it  is  today. 

Geology 

The  entire  area  included  in  this  report  lies  within  the  confines  of 
the  Adel  Mountain  volcanics.  Represented  in  these  volcanics  are  large 
flow  breccias,  dark  basalt  flows,  tuffs  and  agglomerates.  The  young- 


est formation  is  a  volcanic  conglomerate  which  is  exposed  only  in  the 
vicinity  of  Craig.  The  Adel  Mountain  volcanics  have  a  recognized 
thickness  of  approximately  3,200  feet  and  occupy  an  area  of  330 
square  miles.  They  are  Upper  Cretaceous  in  age.  South  of  Craig  a 
large  thrust  fault  brings  older  betls  of  the  Colorado  Group  to  (he 
surface  to  form  a  sharp  contrast  of  light  colored  highly  folded  beds 
against  the  dark  colored  massive  volcanics.  This  fault  marks  the 
southern  boundary  of  exposed  Adel  Mountain  volcanics.  The  northern 
boundary  lies  outside  the  area  of  study.  The  origin  of  the  volcanics 
is  of  no  significance  to  this  report.  However,  it  is  interesting  to  note 
that  the  most  typical  rock  in  the  area  is  a  flow  breccia  containing 
rock  fragments  up  to  12  feet  in  diameter.  It  is  believed  that  these 
fragments  were  incorporated  into  the  molten  rock  prior  to  its  ejec- 
tion from  the  vent.  The  numerous  rock  types  may  be  best  under- 
stotxl  if  they  are  placed  in  three  major  groupings. 

Extrusive  Type  Rock — ^These  are  the  rocks  which  are  derived 
from  materials  poured  out  or  ejected  at  the  surface.  The 
aforementioned  basic  flow  breccias  and  large  flows  of  trachy 
basalts  are  the  chief  types  in  this  group. 

Intrusive  Type  Rock— These  are  the  rocks  which  are  derived  from 
materials  which  are  injected  into  the  pre-existing  volcanics 
at  varying  depth  beneath  the  surface.  The  syeno  gabbros, 
monzonites  and  trachy  basalts  are  the  chief  types  in  this 
group. 

Sedimentary  Type  Rock— These  arc  the  rocks  derived  from  the 
the  breakdown  and  erosion  of  the  pre-existing  rocks  of  the 


above  types.  The  conglomerates  \a  the  Craig  vicinity  are 
representative  of  this  type. 

This  report  reflects  a  general  geologic  analysts  of  field  condi- 
tions with  some  specific  areas  receiving  more  detailed  study  than 
others.  Because  of  the  large  area  involved  and  the  complexity  of  the 
geologj',  the  boundaries  of  the  major  rock  types  that  make  up  the 
Adel  Mountain  volcanics  have  not  been  delineated.  The  above  men- 
tioned extrusive  and  inuusive  members  are  mapped  as  a  single  unit. 

The  Effects  of  Geology  on  Engineering  Design 

The  scope  of  this  reconnaissance  precludes  actual  field  drilling 
and  laboratory  testing,  in  final  design  it  is  recommended  that  an 
extensive  examination  be  made  of  the  inplace  rock,  particularly  in 
areas  where  the  alignment  enters  deep  cuts  such  as  those  anticipated 
in  the  vicinity  of  the  Dearborn  River  crossing  on  Alternates  1,  2  and 
3  and  the  rocky  saddle  traversed  by  Alternate  C.  The  results  of  a 
critical  examination  of  surface  and  subsurface  data  would  determine 
the  engineering  properties  of  the  rock  in  each  cut.  It  must  be  recog- 
nized that  the  inplace  rock  throughout  the  project  is  not  homogene- 
ous as  far  as  engineering  purposes  are  concerned.  Therefore,  the  geo- 
logical details  such  as  joints,  fractures,  faults,  and  degree  of  weather- 
ing, will  play  an  important  role  in  design  of  backslopes  for  indi- 
vidual cuts  that  will  insure  against  partial  or  complete  failure.  Further- 
more, a  detailed  study  of  this  nature  could  reveal  areas  where  use 
of  anchored  revetment  walls  or  retaining  walls  might  result  in  some 
saving  from  reduced  excavation  volumes.  Preliminary  investigation  in- 
dicates that  rock  vuts  of  Vi'-I  used  io  this  report  will  be  adequate. 
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However,  if  permitted  by  current  Montana  State  Interstate  Standards, 
areas  where  more  competent  rtKk  is  intercepted  may  be  constructed 
at  V^:l  maximum. 

Where  various  alternates  traverse  alluvial  material  of  river  and 
local  origin,  no  problem  is  anticipated.  Fill  slopes  as  ouiUned  in  the 
repon  will  stand  without  excessive  erosion  or  creep.  Previous  experi- 
ence by  the  Montana  Highway  Department  in  this  type  of  material 
has  shown  that  it  is  adequate  for  highway  construction.  Natural  ground 
slopes  are  stable  throughout  the  projea.  Very  little  seepage  is  ap- 
parent io  railroad  tunncb  and  lack  of  swampy,  marshy  areas  above 
the  valley  floor  indicates  that  ground  water  will  not  influence  design. 

The  usage  of  gravels  available  from  the  Missouri  River  in  past 
construction  is  the  basis  for  considering  the  river  as  an  acceptable 
source  of  surfacing  materials  for  the  Interstate  Highway.  This  will 
obviate  the  need  for  quarry  material,  Alluvial  material  adjacent  to 
the  studied  alignments  will  be  an  available  source  for  borrow  ma- 
terial. Little  stripping  of  this  material  will  be  necessary.  The  river 
sediments  are  extremely  variable  in  depth.  Drilling  by  the  Bureau  of 
Reclamation  in  the  vicinity  of  Cascade  penetrated  275  feet  of  sedi- 
ments before  encountering  bedrock.  However,  in  the  canyon  proper 
the  depth  of  river  sediments  should  be  considerably  less.  It  is  not 
expected  that  any  bridge  piers  in  the  center  of  the  river  channel  will 
be  founded  on  bedrock. 

The  volcanic  conglomerates  near  Craig  will  not  be  encountered 
by  any  of  the  proposed  Alternates,  therefore  they  receive  no  considera- 


tion in  this  report.  No  talus  areas  of  major  significance  ar«  expected 
to  be  traversed  by  any  alternate.  As  io  any  final  design,  a  detailed 
program  of  subsurface  investigation  and  material  testing  should  be 
initiated  to  determine  the  exact  soils  properties  of  diese  materiab  and 
the  results  of  this  investigation  should  be  incorporated  in  the  final 
construction  plans. 

Geologic  Exhibit  Explanation 

The  Geologic  Exhibit  on  Pages  10  and  II  relates  the  topography 
aod  geology  to  the  studied  alignments.  The  boundaries  of  the  various 
geologic  units  are  approximate  and  in  keeping  with  the  map  scales.  The 
boundaries  between  the  River  Floodplaio  Deposits  and  the  Alluvium 
of  Local  Origin  are  arbitrary.  The  materials  intcrfingcr  and  no  attempt 
was  made  to  accurately  establish  this  transition. 

River  Floodplain  Deposits— This  is  all  the  material  deposited  in 
the  river  valley  adjacent  to  the  channel.  This  ponion  of  the 
valley  is  built  of  sediments  and  is  coveted  with  water  whco 
the  fiver  overflows  its  banks  at  floodstage.  These  deposits 
consist  of  clays,  silts,  sands,  and  terrace  gravels  which  are 
considered  to  be  well  sorted  locally  but  not  areaUy.  Bedding 
is  highly  irregular  with  numerous  gravel  lenses  which  para- 
allel  the  stream  current. 

Alluvium  of  Local  Origin— This  material  is  found  in  fan-like 
deltas  along  the  Missouri  River  wherever  rapid  streams  enter 
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from  the  surrounding  higher  elevations.  The  streams  which 
act  as  the  tfansporring  agent  hold  the  finer  material  for  a 
longer  time  thus  effecting  a  rough  sorting.  The  materia!  size 
will  range  from  boulders  near  the  stream  source  to  fine 
silts  and  sands  in  the  deltas. 

Great  Falls  Lakebeds — This  material  was  deposited  by  the  glacial 
lake  which  occupied  the  river  valley  during  its  early  his- 
tory. These  beds  of  varied  clays,  silts  and  sands  are  aor- 
mally  well  bedded  and  well  sorted.  They  arc  light  in  color, 
usually  while  to  yellow  and  are  easily  identified  along  the 
present  river  valley. 

Adel  Mountain  Volcanics — The  map  shows  all  volcanic  rock 
found  within  the  area  of  study  as  belonging  to  (he  Adel 
Mountain  Volcanics.  Generally  the  interpretation  is  correct. 
However,  in  certain  fringe  area5  other  volcanics  belonging 
to  older  formations  are  included  under  this  symbol.  The 
composition  of  this  rock  is  discussed  in  the  text  of  the  geology 
report. 

Cretaceous  Sediments — A  small  area  at  the  north  end  of  the  proj- 
ect contains  beds  of  silistone,  claystone,  and  sandstone  with 
many  cross  cutting  intrusive  dikes  of  varying  thicknesses.  This 
material  shows  varying  degrees  of  weathering  and  indura- 
tion and  differs  from  the  adjacent  material  enough  to  war- 
rant a  separate  symbol. 


Design  Standards  and  Criteria 

Design  criteria  are  based  on  those  acceptable  for  the  Interstate 
System.  This  is  outlined  in  the  pamphlet  entitled  "Geometric  Design 
Standards  for  the  National  System  of  Interstate  and  Defense  High- 
ways" adopted  by  the  American  Association  of  State  Highway  Officials 
(A.A.S.H.O.)  and  the  U.S.  Department  of  Commerce,  Bureau  of 
Public  Roads.  This  is  the  criteria  used  on  Interstate  Highways  through- 
out the  Nation  which  involve  the  use  of  Federal  Aid  funds.  Incor- 
porated as  design  guides  are  ihe  book  publications  of  A.A.S.H.O., 
"Policy  on  Geometric  Design  of  Rural  Highways,"  "Policy  on  Arterial 
Highways  in  Urban  Areas,"  and  "Standard  Specifications  for  High- 
way Bridges."  The  "Field  and  Office  Standards"  and  "Standard  Draw- 
ings" publications  along  with  other  current  written  standard  practices 
of  the  Montana  Highway  Department  are  also  used  as  guidelines. 


Design  Conditions 

( 1 )  Type  of  Terrain — Mountainous 

(2)  Design  Speed— 50  MPH 

(3)  Traffic  Lane  Width— 12  feet 

(4)  Traffic  Data  (From  Montana  Highway  Commission  Plan- 
ning Survey) 

The  figures  shown  are  for  the  recommended  location,  Alignment 
1-C.  Volumes  for  other  alignments  are  slightly  different  due  to  dif- 
ferent service  combinations.  See  "Traffic  Volumes  and  Turning 
Movements"  on  pages  30  through  33- 


ADT  1958 

ADT  1975 
Commercial  Vehicles 
DHV  1975 
Commercial  Vehicles 

(5)     Number  of  Traffic  Lanes — Four 


Beginning  of 
Projctl 

890 
2398 

15% 
360 
12% 


End  of 
Project 

940 
2540 
15% 
381 
12% 


The  plan  and  profile  layouts  as  presented  in  this  report  as  well 
as  the  cost  estimates  are  based  on  the  use  of  four  traffic  lanes  from 
the  Beginning  of  Project  to  within  approximately  one  mile  of  the 
End  of  Projea.  At  this  location  a  transition  from  four  lanes  to  two 
lanes  is  proposed  for  all  alignments.  The  two  lane  section  at  the 
north  end  of  the  project  will  join  to  the  southern  termini  of  the 
recent  Interstate  construction  of  the  9.7  mile  section  designated  Hardy 
Creek -Cascade. 

Even  a  limited  study  of  the  maps  and  photos  of  the  overall  proj- 
ect limits  and  the  larger  scale  detail  photos  will  reveal  the  tortuous 
alignment  of  the  Missouri  River  and  the  rugged  craggy  nature  of  can- 
yon walls  and  adjoining  mountain  slopes.  These  predominant  features 
impose  severe  limitations  upon  potential  highway  locations.  The 
feasible  locations  herein  studied  largely  follow  the  general  canyon 
alignment. 

The  use  of  four  lanes  as  recommended  in  this  report  can  be 
supported  as  sound  and  practical  for  many  reasons.  The  safety  pro- 
vided by  dual  lanes  in  each  direaion  on  a  four  lane  highway  from 
the  standpoint  of  ability  for  traffic  traveling  in  the  same  direction 
to  overtake  and  pass  other  vehicles  with  full  knowledge  that  the 
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hazard  of  meeting  oncoming  traffic  has  been  eliminated,  regardless  of 
the  available  sight  distance,  is  immeasurable.  It  adds  to  the  comfort 
and  reduces  tensions  that  are  associated  with  passing  maneuvers. 

Basically,  the  sight  restrictions  which  exist  and  have  a  strong  in- 
fluence on  the  safety  potential  and  the  free  flow  characteristics  of  a 
two  lane  highway  can  be  divided  into  two  divisions:  ( 1 )  horizontal 
and  (2)  vertical.  Horizontal  restrictions  are  generally  introduced  to 
the  line  of  sight  of  the  vehicle  driver  due  to  the  introduction  of 
horizontal  curvature  in  the  highway  as  a  result  of  topographic  features. 
Rock  and  earth  backslopes  or  hills,  forests,  isolated  trees  or  clusters, 
bushes  and  brush,  fences,  buildings,  signs  and  signboards  are  all  some 
of  the  more  conunonly  encountered  barriers  to  desirable  visible  dis- 
tances. Some  of  these  are  natural  and  some  are  the  result  of  in- 
creased culture.  Some  are  existent  at  the  inception  of  planning  and 
construction  and  others  are  introduced  in  the  future.  An  effect  just 
as  real  as  one  which  can  result  from  an  impenetrable  physical  barrier 
may  be  caused  at  night  when  headlights  shine  off  into  space  without 
ground  or  objects  to  allow  light  reflectiotis.  This  condition  may  fre- 
quently be  encountered  on  curved  sections  of  highways,  new  or  old, 
where  the  level  of  the  highway  is  a  sufficient  height  above  a  river 
or  the  surrounding  ground  to  give  the  impression  of  extensive  space 
and  possibly  create  an  uncertainty  of  action  on  the  part  of  the  driver. 
This  condition  is  also  subject  to  accentuation  or  diminution  by  the 
rate  and  direction  of  superelevation.  A  great  deal  of  the  length  of  the 
various  alternates  in  this  study  have  conditions  of  this  type. 

Vertical  sight  restrictions  are  imposed  by  crest  vertical  curvature 
of  the  highway  profile  wherein  the  ground,  the  highway  itself,  inter- 


feres with  the  vision  of  the  driver  in  the  direction  traveled.  Unlimited 
sight  distance  is  not  necessary  for  passing  maneuvers  so  the  inability 
to  see  for  unlimited  distances  is  not  necessary.  However,  very  long 
vertieal  curves  are  usually  necessary  to  provide  passing  sight  distance 
with  the  length  varying  in  direct  proportion  to  the  magnitude  of 
change  in  profile  grades. 

Inspection  of  the  plan  layouts  in  this  report  will  reveal  the 
great  extent  of  horizontal  curvature  required  on  most  locations.  The 
areas  which  in  plan  view  appear  as  more  extensive  tangent  lengths 
have  an  adverse  compensating  factor  which  precludes  the  use  of  two 
lane  highways.  This  factor  is  a  combination  of  sustained  steeper 
grades  culminating  at  a  high  point.  This  condition  occurs  in  the 
following  locations:  ( 1 )  on  Alternates  I,  2,  and  3  in  the  vicinity  north- 
east of  the  confluence  of  the  Dearborn  and  Missouri  Rivers,  (2)  on 
the  west  side  of  the  Missouri  River  near  the  railroad  tunnel  on  Alter- 
nate A,  (3)  south  of  Interchange  3  on  Alternates  A  and  B,  and  (4) 
near  the  middle  of  Alternate  C.  Vertical  curves  of  sufficient  length 
to  provide  continuous  passing  sight  distances  as  would  be  required 
for  a  two  lane  highway  would  be  impractical.  The  tangent  sections 
on  both  sides  of  these  crest  verticals  are  so  short  as  to  malce  transition- 
ing from  foiu  to  two  lanes  and  back  again,  undesirable  and  imprac- 
tical. In  addition  to  this,  particularly  on  Alternate  C  which  has  the 
greatest  extent  of  sustained  five  per  cent  grade,  the  dual  lanes  in 
each  direction  will  provide  the  necessary  climbing  lanes  for  the  slower 
commercial  vehicles. 

The  moderately  high  percentage  of  trucks  in  this  vicinity  serves 
to  justify  four  lanes  from  another  standpoint.  The  passing  of  a  truck 


can  be  accomplished  with  very  little  effort  in  modern  cars  by  most 
drivers  on  wide  paved  two  lane  highways  wher«  sight  distances  are 
adequate.  However,  most  drivers  have  also  experienced  the  conditions 
of  uncertainty  and  the  feelings  of  hesitancy  created  when  following 
a  truck  and  preparing  for  a  passing  maneuver  under  adverse  weather 
conditions.  This  would  be  true  during  snow  or  rain  or  just  with  die 
roadway  wet  from  thawing  snow  or  ice.  The  usual  result  is  a  turbulent 
cloud  of  snow  or  water  mist  surrounding  and  trailing  the  tear  of  the 
truck,  trailer,  or  bus.  The  consequent  situation  is  usually  one  where 
the  driver  of  the  trailing  car  is  unable  (o  view  the  necessary  span  of 
roadway  ahead,  even  diougb  there  may  be  straight  alignment  with  no 
sight  restrictions  to  prevent  passing.  The  prudent  driver  should  not 
pass  under  these  drciunstances.  Human  nature  being  what  it  is,  how- 
ever, will  duse  many  drivers  to  take  chances  under  adverse  situations. 

The  elimination  or  minimization  of  hazards  should  continually  be 
striven  for  as  one  desirable  goal  of  improved  highway  design.  The 
foregoing  particul.ir  example  cited  is  one  that  can  be  overcome  dirough 
the  use  of  the  proposed  four  lanes. 

A  four  lane  Interstate  highway  was  considered  as  required  through 
this  vicinity  from  the  earlier  planning  stages  of  Route  15  as  is  evi- 
denced by  the  108(d)  and  104(b)  reports  and  cost  estimates  prepared 
by  the  Montana  Highway  Commission  in  1957  and  I960  respectively. 

Due  to  the  nature  of  the  terrain  and  ensuing  horizontal  and  ver- 
tical alignment  and  other  related  factors  as  presented  above,  it  is  con- 
sidered and  recommended  as  necessary  that  four  lanes  be  provided  as 
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prcsenicd  in  this  report.  This  is  tiecroed  necessary  in  order  to  comply 
with  the  concepts  and  objectives  set  forth  in  the  design  parophlet  on 
Standards  for  Interstate  and  Defense  Highways.  This  transportation 
network  is  herein  portrayed  as  "the  backbone  of  the  Nation's  highway 
systems"  and  the  official  directive  is  that  "in  the  determination  of  all 
geometric  features,  including  right  of  way,  a  generous  factor  of  safety 
should  be  employed  and  unquestioned  adequacy  should  be  the  cri- 
terion." 

Inasmuch  as  the  four  lane  facility  will  accomodate  a  much  larger 
volume  of  traffic  than  ilie  predicted  volumes,  die  geometric  features 
of  the  typical  roadway  cross  section  will  he  kept  to  a  minimum.  This 
includes  the  use  of  the  narrow  shoulder  widths  of  six  feet  each  in> 
stead  of  eight  or  ten  feet  and  the  minimum  eight  foot  width  of  median 
with  the  Montana  Standard  barrier  rail.  The  general  recommendation 
by  Standards  is  for  a  sixteen  foot  wide  median  in  mountainous  areas 
except  in  rugged  mountainous  terrain  where  it  may  be  four  feet  wide. 
The  four  foot  limit  must  be  adjusted  upward  to  eight  feet  with  the 
median  barrier  rail  to  meet  subsequent  lateral  clearance  criteria. 

Additional  Design  Data  for  Interstate 

Allowable  by 

Feature  Standards  Attained 

1.  Horizontal  Alignment 

Degree  of  Curve  7.5  max.  6 

2.  Vertical  Alignment 

Vertical  Gradient,  %  5  max.  5 

(7  in  rugged  terrain) 
Stopping  Sight  Distance,  Ft.         350  min.  600 


3.  Roadway 

Lane  Width,  Feet  12  12 

Median  Width,  Feet 

Undivided  Four  Lane  Highway       4-16  8 
Outer  Shoulder  Width 

Undivided  Four  Lane  Highway  6  6 

Two  Lane  Highway  10  10 

Spiral  transitions  are  used  at  both  ends  of  all  horizontal  curves 
sharper  than  one  and  one-half  degrees.  The  rate  of  superelevation  will 
not  exceed  0.08  foot  per  foot.  This  is  based  on  consideration  of  these 
factors:  climatic  conditions,  terrain,  type  of  area  and  frequency  of 
slow-moving  vehicles.  Transition  to  full  superelevation  will  occur 
within  the  spirals  or  in  a  runoff  distance  beyond  the  beginning  and  end 
of  curves  without  spirals.  Vertical  curve  lengths  are  based  on  150  times 
and  250  times  the  algebraic  difference  of  grades  expressed  in  percent 
for  sag  and  crest  curves  respectively. 

Ramp  design  was  predicated  on  a  speed  of  50  MPH  at  the  nose. 
Adequate  length  and  curvature  was  allowed  for  acceleration  to  50 
MPH  for  access  to  the  Interstate  and  for  deceleration  to  a  stop  con- 
dition at  the  crossroads. 

A  600-faot  stopping  sight  distance  is  recommended  due  to  the 
precipitous  character  of  this  canyon.  With  some  high  rock  cut  back- 
slopes  required,  dislodgments  of  rock  could  possibly  occur  and  cause 
hazards  in  the  road  from  time  to  time.  Stopping  sight  distances  greater 
than  minimum  have  been  used  to  aid  the  vehicle  driver  to  cope  with 
this  situation.  This  safety  feature  can  be  incorporated  without  ex- 
cessive cost. 


Standards  for  dimensions,  excavation  and  embankment  slopes,  and 
surfacing  thicknesses  are  shown  on  Figure  36.  Criteria  for  design  of 
structures  is  discussed  under  the  section  on  Major  Structures.  Discus- 
sion of  methods  and  criteria  for  determining  small  drainage  structures 
will  be  found  under  the  section  on  Hydraulics  and  Drainage. 


Geometries  and  Locations 

General 

The  area  covered  by  this  study  is  presently  traversed  by  a  rail- 
road and  a  State  primary  highway.  The  railroad  was  constructed 
around  1900,  the  highway  about  1953.  This  highway  was  the  first 
means  of  automobile  travel  through  this  area.  In  this  Interstate  loca- 
tion study  the  problems  that  confronted  the  engineers  of  the  first 
roadway  can  clearly  be  observed.  Their  solutions  to  these  problems 
and  the  ultimate  construaed  highway  stand  as  a  mark  of  achievement 
to  these  engineers  and  their  co-workers. 

This  area  of  study  is  highly  confined  by  rugged  mountains.  Rock 
cliffs  rise  vertically  in  many  places  creating  locations  where  construc- 
tion costs  are  beyond  feasibility.  The  Missouri  River  winds  its  way 
between  diese  rocky  areas  initiating  difficult  hydraulic  problems.  Due 
to  the  limited  access  feature  of  the  Interstate,  service  roads  must  be 
constructed  parallel  with  the  highway  in  many  areas  causing  wider 
construction  zones.  The  locations  for  study  are,  therefore,  limited  to 
the  least  constricted,  less  difficult  areas  of  the  canyon. 


Preliminary  evaluation  of  prospective  locations  on  the  site  and  on 
topographic  maps  resulted  in  the  decision  to  study  in  deinil  the  align- 
ments shown  on  pages  4  and  5  and  discussed  under  the  report  sec- 
tion entitled  "Explanation  of  Key  Plan."  Considering  each  alignment 
separately,  cost  estimates  for  a  total  of  120  miles  of  alignment  were 
computed  and  tabulated.  This  was  the  result  of  detailed  study  and 
an  estimate  of  quantities  for  24  miles  of  separate,  distinct  and  imdupli- 
cated  lines.  The  same  extent  of  detailed  consideration  regarding  grades, 
cross  sections,  curves,  drainage  structures,  etc..  was  accorded  all  al- 
ternates. 

Aliernate  line  study  was  made  from  two  basic  sources  of  infor- 
mation. The  Montana  State  Highway  furnished  survey  data  and  photo- 
grammetric  reconnaissance  maps.  The  survey  notes  were  extremely 
useful  particularly  in  the  evaluation  of  the  costs  in  the  Missouri  River 
as  profile  sections  included  the  river  channel  bottom.  The  contours 
on  the  maps  were  at  5-fooi  intervals  except  where  steep  slopes  required 
intervals  of  20  or  25  feet.  The  scale  of  the  maps  were  at  one  inch 
equals  200  feet.  Ground  line  profiles  and  cross  sections  were  plotted 
from  these  maps  and  the  survey  notes.  Cross  sections  in  rocky  areas 
or  areas  of  heavy  construction  work  were  plotted  at  intervals  of  100 
feet  or  less.  Most  other  cross-sections  do  not  exceed  several  hundred 
feet  between  sections.  Grades  were  laid  after  an  extensive  study  to 
determine  the  high  flood  water  elevation,  and  earthwork  quantities 
were  computed.  The  visual  pictures  of  the  cross-sections  were  ex- 
tremely valuable  for  determining  locations,  evaluating  flood  flows, 
and  estimating  quantities. 
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Examination  of  the  cross  sections  indicated  that  due  to  the  extreme 
slopes  of  the  cliffs  adjacent  to  the  proposed  roadway,  and  in  order  to 
maintain  stable  side  slopes,  removal  of  a  complete  facade  of  rock 
would  be  necessary  where  the  roadway  section  would  extend  into  the 
cliff  even  if  only  a  few  feet.  From  this  it  was  construed  that  at  these 
locations  the  most  feasible  construction  was  funher  into  the  river 
charmel,  it  is  obvious  thai  the  service  roads,  where  necessary,  must  be 
constructed  on  the  river  side  in  the  constriaed  areas.  Locations  of 
these  service  roads  are  shown  on  pages  40  and  41.  Economic  justifi- 
cation of  these  service  roads  is  in  the  section  of  the  report  entitled 
"Economic  Analysis." 

Six  degree  curves  were  considered  the  maximum  curvature  since 
the  use  of  sharper  curves  would  not  materially  reduce  the  constniaion 
cost  commensurate  with  the  detriment  to  the  safety  of  the  road  user. 

A  consideration  that  favors  the  location  of  any  of  the  alternates 
where  the  alignment  does  not  follow  the  existing  highway  is  that  of 
retaining  the  maximum  extent  of  existing  highway  for  access  and 
frontage  road  purposes.  This  becomes  an  important  item  when  re- 
lated to  the  cost  of  maintenance  of  traffic  during  construction,  if  an 
existing  road  can  be  used  for  this  purpose.  Alternate  4  obliterates 
the  existing  highway  throughout  its  complete  length.  Alternate  I  has 
the  least  confliction  with  the  existing  highway  of  the  numbered  al- 
ternates. The  lettered  alternates  A,  B,  and  C  do  not  greatly  cover  the 
present  roadway.  However,  of  the  three.  Alternate  B  creates  the  most 
confliaion. 

A  seemingly  small,  but  very  important  item  in  regard  to  the 
safety  of  the  road  user  is  continual  shade  in  sections  of  the  roadway. 


The  present  highway  has  some  areas  where  the  winter  sun  does  not 
melt  the  snow  cover.  Traffic  compacts  the  snow  to  ice  and  creates  an 
extremely  hazardous  condition.  For  this  reason,  the  alternates  thai 
course  their  length  predominantly  east  and  west.  Alternates  1  through 
4,  may  be  imputed  with  this  condition.  The  likelihood  of  ice  on  Al- 
ternate I  is  small,  while  the  chance  of  ice  on  Alternate  4  is  consider- 
able. 

Several  locations  were  considered  that  do  not  appear  in  this 
report.  It  was  realined  at  die  commencement  of  the  study  that  certain 
areas  would  necessiiate  study  if  only  to  prove  their  inexpedience.  The 
amount  of  study  on  each  of  these  locations  varied  and  was  carried 
only  to  the  point  of  proven  unfavorability.  These  locations  arc  not 
described  since  these  areas  are  numerous  and  cannot  be  considered 
pertinent  to  this  report. 

Alternate  I 

Aliernaies  I,  2,  3  and  4  are  identical  from  the  Beginning  of 
Project  to  a  point  immediately  south  of  the  mouth  of  the  Dearborn 
River.  At  this  point.  Alternate  4  continues  on  the  easterly  side  of  the 
Missouri  River  and  Alternates  1,  2  and  3  cross  the  Missouri  River. 
The  structure  employed  for  this  crossing  will  carry  die  Interstate  over 
Service  Road  6  on  die  easterly  side  of  the  river  and  the  Great  Northern 
Railway  track  on  the  westerly  side  of  the  river.  These  three  alternates 
continue  through  a  rocky  saddle  and  onto  a  large  field.  On  the  north- 
erly end  of  this  field  these  alternates  recross  the  Great  Northern  RaJl- 
way  track  and  Alternate  3  separates  from  Alternates  I  and  2  and 
rccroises  the  Missouri  River.    Alternates  I  and  2  continue  on 
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westerly  side  of  a  length  of  Missouri  River  chaonel  cbaage  and  around 
a  cun-e  lo  the  left  adjacent  to  the  Great  Northern  Railway.  At  this 
point  Alternate  2  separates  from  Alternate  1  and  crosses  the  Missouri 
River.  Alternate  1  continues  on  the  westerly  side  of  another  length 
of  channel  and  around  another  curve  to  the  left  adjacent  lo  the  Great 
Northern  Railway  where  it  crosses  the  Missouri  River  to  join  with 
the  other  alternates  at  Interchange  2.  This  second  Missouri  River 
crossing  will  carry  the  Interstate  over  Service  Road  7  as  well  as  the 
river.  Alternate  1  ends  at  Interchange  2. 

Alternate  1  will  necessitate  a  complete  channel  change  of  the 
river.  This  channel  change  is  discussed  in  the  section  of  this  report 
CQiitled  "Hydraulics  and  Drainage." 

Alternate  1  is  the  shortest  of  the  comparable  alternates  and  a 
greater  portion  of  its  length  is  on  the  west  side  of  the  Missouri 
River.  This  will  cause  a  higher  right-of-way  cost  than  on  any  of 
the  comparable  alternates  since  Alternate  1  has  the  greatest  extent 
of  roadway  away  from  the  present  highway  where  right-of-way  has 
already  been  purchased.  However,  this  cost  will  be  more  than  bal- 
anced by  the  reduced  costs  of  the  traffic  maintenance  during  construc- 
tion. 

Alternate  I  begins  near  the  Sdckney  Creek  Interchange  5  and 
ends  at  Interchange  2.  There  are  no  other  interchanges  in  this  length. 
Through  construction  of  service  roads  as  shown  on  page  40  and  con. 
struction  of  a  full  diamond  interchange  at  Stickney  Creek,  continuous 
service  can  be  offered  for  the  residents  and  users  of  the  existing  pri- 
mary highway.  Access  to  the  Interstate  can  be  gained  from  any  point 
oo  the  existing  highway  by  traveling  either  north  or  south. 


Alternates  I,  2  and  3  have  a  5%  grade  immediately  north  of 
the  mouth  of  the  Dearborn  River  where  they  pass  through  a  rock 
saddle.  The  length  of  this  grade  between  the  vertical  cui^es  is  1,400 
feet.  This  is  the  steepest  grade  on  these  alternates.  North  of  this  rock 
saddle  there  is  a  grade  of  4.20%.  The  length  of  this  gradient  between 
vertical  curves  is  1.050  feet.  AH  other  gradients  on  these  alternates  arc 
less  than  3%.  Alternate  1  requires  three  bridge  structures,  two  over 
the  Missouri  River  and  one  over  the  Great  Northern  Railway.  The 
summation  of  horizontal  deflection  angles  on  Alternate  1  is  685  de- 
grees. The  length  is  6.68  miles. 

Alternate  2 

As  described  under  Alternate  1.  all  alternates  are  identical  from 
the  Beginning  of  Project  to  a  point  immediately  south  of  the  mouth 
of  the  Dearborn  River.  Alternate  2  is  identical  with  Alternate  1 
to  approximately  three  miles  beyond  this  point  to  where  it  separates 
from  Alternate  I  and  crosses  the  Missouri  River  and  Service  Road  3. 
From  here  it  remains  on  the  easterly  side  of  the  Missouri  River 
to  Interchange  2. 

Alternate  2  would  require  a  channel  change.  This  chaimel  change 
is  discussed  in  the  section  of  this  report  entitled  "  Hydraulics  and  Drain- 
age." Similar  to  Alternate  1,  Alternate  2  would  have  a  large  portion 
of  its  length  on  the  west  side  of  the  Missouri  River  away  from  the 
existing  highway.  However,  the  mileage  of  Alternate  2  on  the  west 
side  of  the  river  would  not  be  as  great  as  Alternate  1, 

There  would  be  no  interchanges  between  the  Stickney  Creek 
Interchange  5  and  Interchange  2  and,  like  Alternate  1,  continuous 


service  could  be  afforded  the  users  of  the  existing  highway  from 
either  direction  through  service  roads  and  a  full  diamond  interchange 
at  Stickney  Creek. 

Two  Missouri  River  crossings  would  be  required  for  this  alter- 
nate. The  maximum  profile  gradient  for  this  alternate  is  5%.  The 
summation  of  horizontal  deflection  angles  is  648'.  The  length  is 
6.79  miles. 

Alternate  3 

Alternate  3  is  identical  with  Alternate  1  to  a  point  on  the  north 
end  of  a  large  field  on  the  westerly  side  of  the  Missouri  River.  But, 
in  place  of  continuing  on  the  westerly  side  of  a  channel  change,  it 
crosses  to  the  easterly  side  of  the  river  lo  Interchange  4.  from  this 
interchange.  Alternate  3  continues  on  the  easterly  side  of  the  Mis- 
souri River  to  Interchange  2. 

This  alternate  would  have  only  a  small  portion  of  its  length 
on  the  west  side  of  the  Missouri  River.  Therefore,  the  interruption 
of  traffic  flow  through  the  canyon  will  be  a  considerable  item.  There 
is  no  channel  change  required  for  Alternate  3.  Interchange  4  pro- 
vides access  to  the  residents  of  the  Dearborn  River  area  and  the 
Marshall  Tracts.  However,  they  would  have  to  "double  back"  if  they 
wished  to  travel  in  a  southerly  direction.  A  half  diamond  will  be 
adequate  for  the  Stickney  Creek  area, 

The  maximum  profile  gradient  for  this  alternate  is  5%.  The 
summation  of  horizontal  deflection  angles  is  774^  The  length  is 
7.04  miles.  Alternate  3  would  require  rwo  Missouri  River  bridge 
structures. 
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Alternate  4 

Alternate  4  traverses  the  easterly  side  of  the  Missouri  River 
through  its  entire  length.  There  is  an  Interchange,  Number  1,  at 
the  Marshall  Tract.  Beyond  this  point  it  is  intercepted  by  Alternates 
3,  2  and  1  at  different  points  in  its  length.  Alternate  4  ends  at 
Interchange  2. 

Alternate  4  has  the  lowest  initial  construction  cost  but  would 
be  the  longest  of  the  four  numbered  alternates.  The  lower  initial 
construction  cost  is  due  to  the  fact  that  there  are  no  Missouri  River 
crossings  on  this  alternate  as  there  are  on  the  other  alternates.  Due 
to  the  elimination  of  a  considerable  portion  of  present  highway,  it 
would  have  a  lesser  annual  maintenance  cost.  However,  the  exist- 
ing highway  is  a  tangible  asset  constructed  at  a  considerable  expense 
to  the  taxpayers  of  the  State.  Although  it  is  inadequate  to  meet  the 
expanding  traffic  volume  and  increased  traffic  speeds,  it  is  by  no 
means  exhausted  of  its  capabilities  as  a  conveyance  medium.  To  con- 
sider this  highway  expendable  is  to  waste  any  potential  that  this  high- 
way could  contain.  The  loss  of  a  greater  extent  of  existing  highway 
on  Alternate  4  must  be  considered  as  a  disadvantage.  As  mentioned 
above,  there  is  an  interchange  at  the  Marshall  Traa.  This  will  allow 
immediate  access  to  the  residents  in  this  area.  Due  to  this,  a  half 
diamond  will  be  adequate  in  the  Stickney  Creek  area. 

The  maximum  profile  gradient  for  this  alternate  is  2.83%.  The 
summation  of  horizontal  deflection  angles  is  978  .  The  length  is 
7.64  miles. 


Alternate  A 

Alternate  A  begins  at  Interchange  2.  It  crosses  the  Missouri  River 
a  short  distance  north  of  this  point  and  passes  through  a  rocky  saddle 
near  the  Great  Northern  Railway  tunnel  No.  1  to  another  Missouri 
River  crossing.  Less  than  a  mile  north  of  this  point  there  is  a  third 
river  crossing  and  another  rocky  saddle.  This  diird  crossing  carries 
the  Interstate  over  the  Great  Nordiern  Railway  track  and  the  present 
primary  highway,  as  well  as  the  Missouri  River.  Immediately  north 
of  thb  saddle.  Alternate  A  passes  through  Interchange  3.  Continuing 
northward.  Alternate  A  crosses  Hardy  Creek  and  terminates  at  the 
recently  constructed  Montana  Highway  Interstate  projea,  which  is 
termed  £nd  of  Project. 

Alternate  A  is  similar  to  Alternate  B.  It  differs  only  in  the  fact 
that  It  cuts  off  a  length  of  mileage  by  crossing  to  an  area  near  the 
Great  Northern  Railway's  tunnel. 

The  first  river  bridge  north  of  Interchange  2  is  on  a  horizontal 
cuvre.  This  is  an  undesireable  feature  but  extensive  alignment  study 
of  this  area  indicates  the  illustrated  layout  to  be  the  most  feasible. 
The  several  features  of  the  area  acting  as  restrictions  are  the  proximity 
to  the  railroad  and  the  railroad  tunnel,  the  location  of  the  saddle  above 
the  railroad  tunnel,  the  alignment  of  the  river,  and  the  physical 
dimensional  requirements  of  Interchange  2.  The  use  of  a  "broken- 
back"  curve  would  place  the  bridge  on  a  tangent  but  this  is  neither 
desirable  nor  recommended.  A  questionable  facet  of  the  construction 
on  this  alternate  would  be  the  excavation  of  the  rock  at  the  proximity 
of  the  tunnel  in  the  previously  mentioned  saddle  without  causing 


damage  to  this  tunnel.  This  tunnel  is  not  completely  through  rock. 
Certain  areas  in  the  tunnel  are  braced  with  timber  of  uncertain  load 
bearing  capacity.  Correspondence  with  the  Great  Northern  Railway 
has  indicated  that  they  intend  to  open  this  tunnel  to  a  through  cut 
section  in  the  future  because  of  maintenance  problems  that  they  are 
having.  However,  their  scheduling  for  this  construaion  would  be 
after  the  construction  of  the  Interstate  as  is  presently  planned. 

Service  into  the  Willington  Tract  would  be  less  favorable  on  this 
alternate.  This  residential  area  would  be  spht  approximately  in  half. 
The  residents  on  the  southerly  side  of  the  Interchange  would  gain  ac- 
cess to  the  Interstate  only  through  Interchange  2.  North  bound  traffic 
from  this  side  would  be  forced  to  travel  an  additional  three  miles  over 
the  present  distance.  The  residents  on  the  northerly  side  of  the  Inter- 
state would  gain  access  to  the  Interstate  only  through  Interchange  3. 
Southbound  traffic  from  this  side  would  be  forced  to  travel  an  addi- 
tional three  miles  over  the  present  distance  also. 

Alternate  A  has  the  highest  initial  construction  cost  of  Alternates 
A  dirough  C  since  seven  bridge  structures  are  required  on  it.  Three 
of  these  would  be  over  the  Missouri  River,  one  for  Interchange  2, 
one  for  Interchange  3,  and  two  over  Hardy  Creek.  The  structures  over 
Hardy  Creek  would  be  for  a  service  road  and  the  Interstate. 

This  alternate  has  two  adverse  grades.  The  first  is  4.37%  to 
carry  the  traffic  up  to  the  rock  saddle  above  the  railway  tutmel.  The 
second  is  5%  on  the  opposite  side  of  this  rock  saddle.  However,  both 
are  very  short  in  length  between  vertical  curves. 
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The  maximum  profile  gradient  for  this  alternate  is  5%.  The 
summacion  of  horizontal  deflection  angles  is  266°.  The  length  is 
3.98  miles. 

Alternate  6 

Alternate  B  begins  at  Interchange  2.  It  follows  the  alignment  of 
the  existing  primary  highway  on  the  easterly  side  of  the  Missouri 
River  for  a  length  of  approximately  two  miles  to  a  river  crossing. 
At  this  point  it  is  identical  with  Alternate  A  as  described  previously 
and  follows  this  alignment  to  the  End  of  Projea. 

Alternate  B  has  the  lowest  construction  cost  of  the  three  com- 
parable locations.  However,  it  has  [he  greatest  length.  Careful  design 
would  allow  this  alternate  to  be  constructed  almost  completely  with- 
out disturbing  the  Missouri  River  and  with  a  minimum  of  rock  ex- 
cavation. Because  this  alternate  would  obliterate  the  existing  highway 
at  its  southern  end,  all  southbound  traffic  from  the  Willlngion  TracT 
would  be  forced  to  travel  an  additional  three  miles  over  the  present 
distance. 

There  are  five  structures  required  by  this  alternate,  one  of  these 
structures  will  be  over  the  Missouri  River,  two  will  be  over  Hardy 
Creek  and  the  other  two  are  interchange  struaures  for  Interchange  2 
and  Interchange  3- 

The  maximum  profile  gradient  for  this  alternate  is  3%.  The 
summation  of  horizontal  deflection  angles  is  ili".  The  length  is 
4.37  miles. 


Alternate  C 

Alternate  C  begins  at  Interchange  2.  It  continues  adjacent  to 
the  Missouri  River  for  approximately  one-hall  mile  and  continues  on 
a  tangent  to  a  rocky  saddle.  Beyond  the  rock  saddle  to  the  north  is 
a  moderate  slope  which  Alternate  C  follows  to  a  Missouri  River  cross- 
ing. This  crossing  tarries  the  Interstate  over  the  Great  Northern 
Railway  as  well  as  the  river.  Almost  a  mile  farther  north  is  a  crossing 
over  Hardy  Creek,  Alternate  C  terminates  at  the  End  of  Project 
approximately  one-half  mile  north  of  Hardv  Creek. 

Alternate  C  is  the  shortest  of  the  three  comparable  alternates.  By 
virtue  of  this  feature  it  has  the  least  annual  cost.  One  mile  of  +5% 
grade  in  each  direction  of  vehicle  travel  will  be  necessary  in  Alternate 
C.  Investigation  of  the  costs  to  the  road  user  on  this  alignment  have 
shown  that  through  the  consideration  of  time  and  distance,  this  grade 
is  not  an  impediment  as  related  to  the  recommendation  of  alternates. 
The  horizontal  alignment  is  very  good  through  the  use  of  a  low  degree 
of  curvature. 

Four  service  roads  are  planned  with  Alternate  C.  Two  of  these 
are  immediately  north  of  Interchange  2  and  will  serve  the  residents 
of  the  area  close  to  the  interchange.  The  third  is  a  continuation  of  one 
of  these  and  will  be  constructed  northward  to  connect  with  the  existing 
highway  at  a  point  near  the  south  end  of  the  Willingion  Tract.  This 
service  road  will  provide  southward  access  to  the  Interstate  from  the 
residential  areas  that  are  near  the  old  steel  bridge  over  the  Missouri 
River.  The  fourth  service  road  will  connect  the  existing  highway  near 
Hardy  Creek  to  an  existing  frontage  road  at  the  End  of  Project.  This 


service  road  will  pass  under  the  Interstate  structure  that  is  employed 
for  the  Hardy  Creek  crossing  and  will  provide  access  to  the  Interstate 
northward  from  the  residential  areas  described  above. 

Near  the  End  of  Project,  Alternate  C  traverses  a  gravel  pit  and 
quarry  area  owned  by  the  Great  Northern  Railway.  Correspondence 
with  the  Railway  Company  through  the  Utilities  Engineer  of  the 
Montana  State  Highway  Department  has  established  that  any  location 
of  the  Interstate  through  their  property  would  terminate  their  oper- 
ation. Restricted  blasting  operations  due  to  highway  proximity  and 
procedures  related  to  materials  transfers  would  preclude  an  expedient 
operation.  A  preliminary  evaluation  of  the  area  was  set  at  $155,429 
by  the  Railroad  Company.  Approximately  two  thirds  of  this  cost 
is  the  value  of  the  existing  stockpiled  materials. 

The  total  value  of  the  materials  in  the  stockpile  does  not  have  to 
be  considered  as  a  liability  or  cost  against  Alternate  C.  Several  dis- 
posal probabilities  exist.  The  stockpile  may  be  partially  depleted 
through  use  prior  to  constniaion  of  the  highway.  The  remaining 
portion  may  be  moved  to  an  new  readily  acccssable  location  at  a 
fraction  of  the  cost  represented  by  the  production  investment  and  still 
be  available  to  the  Railroad  for  its  original  purpose,  or  it  may  be 
purchased  as  part  of  the  right-of-way  costs  and  used  in  the  new  high- 
way construction.  On  this  basis  $50,000  for  the  property  and  $50,000 
for  stockpile  disposal  are  included  in  the  cost  estimates. 

There  will  be  three  structures  on  this  alternate.  One  will  be 
over  the  Missouri  River  and  the  Great  Northern  Railway,  another 
over  Hardy  Creek  and  a  service  road,  and  the  third  is  the  structure 
for  Interchange  2.  The  maximum  profile  gradient  for  this  alternate  is 
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5%.  The  summation  of  hurizontal  defleciion  angles  is  184^  The 
length  is  4.05  miles. 

Interchanges 

In  the  followiog  paragraphs  the  location  and  some  design  faaors 
will  be  discussed  on  all  proposed  interchanges.  Each  interchange 
has  constituents  of  grade  and  alignment  pertinent  to  good  engineer- 
ing. No  condescendence  was  necessary  for  economic  feasibility  or 
favorable  access. 

Interchange  I 

On  Alternate  4,  an  interchange  is  planned  at  the  Marshall  Tract. 
This  interchange  would  be  a  simple  diamond  type.  Adequate  clear 
space  is  available  for  proper  ramp  length  and  turning  radii. 

Interchange  2 

There  will  be  an  interchange  where  Alternates  I  through  4  end 
and  Alternates  A  through  C  begin.  This  interchange  will  also  be  a  di- 
amond type.  It  not  only  provides  service  to  the  immediate  vicinity 
but  also  connects  by  means  of  a  service  road  to  the  existing  highway 
in  a  southerly  direction  to  provide  continuous  service  and  access  to 
the  settlements  along  the  Missouri  River  if  Alternate  C  is  constructed. 

Interchange  3 

An  interchange  is  planned  one-half  mile  north  of  the  Siebold 
Tract.  This  interchange  would  be  constructed  with  Alternates  A  or 


B.  Access  from  the  Interstate  at  this  point  would  be  to  a  small  farm 
area  to  the  north  and  a  tract  development  to  the  south. 

Interchange  4 

On  Alternate  j  there  would  be  an  interchange  necessary  to  pro- 
vide service  to  the  residents  in  the  area  of  the  Marshall  Tract.  This 
interchange  would  be  generally  of  a  diamond  type.  However,  the 
crossroad  would  not  pass  under  the  Interstate  in  the  center  of  the 
ramp  diamond.  Instead,  it  would  cross  under  the  bridge  over  the 
Missouri  River  which  is  planned  in  convenient  proximity  to  the 
interchange.  The  additional  span  on  the  Missouri  River  structure  Is 
less  costly  than  an  independent  interchange  structure. 

Interchange  5 

The  half  diamond  interchange  located  at  Stickney  Creek  that 
is  proposed  in  the  previous  report  "Interstate  15 — Wolf  Creek  to 
Stickney  Creek"  published  by  Western  Engineers  and  Morrison-Maierle, 
Inc.  and  submitted  to  the  Montana  State  Highway  Commission  on 
October  3.  1961,  is  shown  only  with  Alternates  3  and  4.  The  illus- 
trations of  Traffic  Volumes  and  Turning  Movements  indicate  that  the 
half  diamond  layout  is  adequate  and  this  layout  was  used  for  con- 
struction costs.  Alternates  I  and  2  will  require  full  service  at  this 
interchange  in  order  to  fully  use  the  available  continuity  of  the  con- 
tinuous service  road  since  the  next  interchange  is  eight  miles  to  the 
north.  The  cost  differential  between  a  half  diamond  and  a  full  service 
diamond  is  relatively  small,  so  that  consideration  should  be  given  to 
constructing  a  full  diamond  at  this  location  if  Alternates  3  or  4 


were  to  be  constructed.  In  order  to  segregate  the  difference  in  service 
provided  by  this  interchange,  the  map  entitled  "Alternate  Alignment 
showing  Service  Road  Locations  and  Interchanges"  depicts  the  full 
diamond  as  I-5a  and  the  half  diamond  as  l-5b. 

The  geometries  of  this  Interchange  were  explained  for  the  pro- 
posed half  diamond  in  the  previous  report.  The  full  diamond  will  be 
quite  simitar.  However,  the  ramps  have  been  placed  sufficiently  north- 
ward to  keep  them  clear  of  the  Missouri  River  structure.  The  cross- 
road is  planned  to  cross  under  a  span  of  the  structure  as  previously 
proposed. 

Hydraulics  and  Drainage 

This  section  of  the  report  pertains  to  the  anticipated  peak  flood 
flows  in  the  Missouri  River  and  the  Dearborn  River  and  their  effect 
on  the  roadway  design.  Also  included  is  a  discussion  on  design  flows 
for  the  smaller  tributary  drainage  areas.  The  proposed  highway  work 
in  several  cases  involves  construction  immediately  adjacent  to  and 
affecting  the  Missouri  River.  It  is  therefore  important  to  know  what 
flood  stage  elevations  of  die  river  should  be  anticipated  and  what 
channel  requirements  must  be  maintained.  Flood  flow  velocities  are 
of  relatively  high  magnitude  and  require  special  considerations  to 
avoid  damaging  erosion  to  the  new  highway,  and  in  some  cases,  to 
the  existing  railroad  and  other  existing  property.  The  design  of  drain- 
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age  culverts  aad  small  drainage  structures  requires  an  evaluation  of 
the  runoff  from  the  smaller  adjoining  drainage  areas. 

Drainage  Area 

The  principal  drainage  area  involved  is  that  of  the  Missouri 
River  above  Cascade.  The  only  major  tributary  in  this  project  sec- 
tion is  the  Dearborn  River  which  only  includes  about  2.6%  of  the 
total  drainage  area  but  is  capable  of  providing  considerable  contri- 
bution to  the  Missouri  River  runoff.  The  bulk  of  the  Missouri  River 
runoff  above  Cascade  comes  from  the  Gallatin,  Madison  and  Jeffer- 
son River  Drainage  Areas,  All  of  these  drainage  areas  extend  to 
the  coniinenial  divide  with  elevations  approaching  10,000  feet  in 
many  cases.  This  drainage  area  encompasses  the  extreme  southwest 
portion  of  Montana,  including  extensive  portions  of  the  Gallatin  and 
Beaverhead  National  Forests.  Most  of  the  higher  areas  are  well  for- 
ested and  gentle  enough  in  slope  to  tend  toward  a  gradual  runoff 
of  the  snow  melt  over  an  extended  period.  The  valleys  adjoining 
these  three  major  rivers  are  largely  rolling  range  land  and  cultivated 
farms.  While  these  lower  areas  are  less  protected,  they  are  relatively 
flat  and  receive  much  less  accumulation  of  snow. 

Regulation 

Some  regulation  of  river  flow  is  provided  by  several  reservoirs 
above  Cascade.  Ail  of  these  reservoirs  arc  designed  principally  for 
irrigation  or  power  storage  or  for  power  generation.  River  flood 
regulation  is  only  a  secondary  benefit.  Following  is  a  list  of  the 
major  reservoirs  on  the  drainage  system: 


Hescrtoir 

Rlicr 

I'urpMc 

VsaMt  Cnpidly 

tear 
Coniplclcd 

Holter 

Missouri 

Power 

81,900  acre  ft. 

1918 

Hauser 

Miwouri 

Power 

52.100  acre  fi. 

1907 

Lake  Helena 

Misiouri 

Power  Storage 

10,400  acre  ft. 

1907 

Canyon  Ferry 

Missouri 

Irriguiion  Storage 

3.050,000  acre  ft. 

1953 

&  Power 

Eiinis 

Madison 

Power 

41.000  acre  ft. 

1900 

Hebgen 

Madison 

Power  Storage 

344,700  acre  fl. 

1915 

Ruby 

Ruby 

Irrtgalion 

38,850  acre  ft. 

1938 

Lima 

Red  Rock 

Irrigation  &  Flood 
Control 

«4,l)00  acre  tl. 

1902 

TOTAL  MAJOR  STORAGE  2.702.950  acre  ft. 

It  is  to  be  noted  the  Canyon  Ferry  Reservoir  completed  in  1953 
accounts  for  about  76  per  cent  of  the  storage  facilities  on  the  river. 
While  this  reservoir  is  intended  basically  for  irrigation  and  power 
storage,  and  for  power  generation,  the  reservoir  is  operated  so  as  to 
be  effective  in  reducing  spring  floods.  At  the  present  time,  control 
is  carried  on  jointly  by  the  United  States  Bureau  of  Reclamation  and 
the  Montana  Power  Company.  Accumulation  of  snow  pack  in  the 
mountains  is  studied  each  year.  Precipitation  forecasts  are  considered. 
The  water  level  in  Canyon  Ferry  Reservoir  is  regularly  dropped  prior 
to  the  spring  runoff  to  provide  storage  for  all  anticipated  runoff  in 
excess  of  15,000  cubic  feet  per  second.  By  the  procedures  followed, 
the  reservoir  is  normally  dropped  a  larger  amount  in  the  spring  of 
years  of  heavy  snow  pack  than  in  the  years  of  lighter  snow  pack  in 
the  mountains. 

Since  Canyon  Ferry  Reservoir  is  basically  intended  for  stor- 
age purposes,  the  spring  time  lowering  will  generally  be  conservatively 
estimated  so  as  not  to  jeopardize  the  filling  of  the  reservoir.  There- 
fore, the  15,000  cubic  foot  per  second  release  at  Canyon  Ferry  will, 


in  some  years,  be  exceeded  and  a  50  year  frequency  flood  could  occur 
after  the  reservoir  had  reached  a  full  level.  If  the  flotxl  peak  occurred 
early  in  the  high  runoff  period,  the  peak  would  undoubtedly  be 
materially  reduced.  On  the  other  hand,  if  the  peak  occurred  late 
in  the  heavy  runoff  period  with  the  reservoir  full,  the  peak  would  only 
be  dampened  by  the  large  area  of  Canyon  Ferry  Reservoir, 

It  appears  reasonable  that  Canyon  Ferry  Reservoir  will  exercise 
a  dampening  effect  on  future  record  floods.  Evaluation  of  peak  yearly 
flows  during  the  next  50  years  should  reveal  some  reduction  in  a 
theoretical  50-year  storm.  However,  evaluation  of  this  reduction  today 
is  somewhat  speculative  in  nature. 

Past  Floods 

Five  spring  floods  of  relative  high  magnitude  have  occurred  in 
the  Missouri  above  Cascade  since  1899.  These  are  as  follows; 


Vcor 

Date 

Muimum  Flow 

Remarks 

1899 

June  26 

*42,000 

Estioiaied 

1907 

June  23 

39,240 

Measured 

1908 

June  5 

54.250 

Measured 

1909 

June  9 

39,850 

Measured 

1948 

June  9 

•41,000 

Calculated 

CRccogniud  Bi  approximation)) 


The  flows  marked  "measured"  are  the  values  published  by  the 
U.  S.  Geological  Survey.  The  "estimated"  flow  was  arrived  at  by  ex- 
tension of  die  U.  S.  G.  S.  Estimate  for  the  Missouri  River  near  Town- 
send.  The  "calculated"  flow  was  determined  by  adding  the  U.  S.  G.  S. 
measured  flows  for  the  Missouri  River  below  Holter  and  the  Dear- 


born  River  above  the  Craig  gaging  stacion  and  extending  these  fig- 
ures to  include  the  balance  of  the  drainage  area. 


Maximum  Discharge  for  the  Missouri  River 

The  U-  S.  Geological  Survey  has  maintained  records  of  yearly 
maximum  discharges  at  the  following  gaging  stations  which  have  been 
useful  in  evaluating  flows  above  Cascade. 
GoBlng  SlBtlon 


77.  Missouri  River  at  Toston 

79-  Missouri  River  near 
Townsend 

96.  Missouri  River  below 
Hotter  Dam 

109.  Dearborn  River  near 
Craig 

1 10.  Missouri  River  at  Cascade 

140.   Missouri  River  at  Fori 
Benton 


Using  these  records,  the  following  chart  has  been  prepared  in- 
dicating the  apparent  frequency  of  maximum  yearly  discharges  for 
the  Missouri  River  at  Cascade.  This  data  indicates  a  50  year  flood 
for  the  Missouri  River  at  Cascade  to  have  an  anticipated  flow  of 
50,000  cubic  feet  per  second.  This  flow  is  slightly  less  than  the  1908 
record  flow  measured  at  Cascade  as  being  54,250  cubic  feet  per  second. 
The  1908  flood  is  generally  accepted  to  be  one  of  rare  occurrence, 
possibly  of  a  200  year  or  less  frequent  occurrence.   The  50,000  cubic 
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14.669 

sq. 

mi. 

1890  to  1916  and 
1941  to  Present 

15.345 

sq. 

mi. 

1892  to  1904 

17.149 

sq. 

mi. 

1946  to  Present 

325 

sq. 

mi. 

1946  to  Present 

18.493 

sq. 

mi. 

1903  to  1915 

24,600 

sq. 

mi. 

1891  to  Present 
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feet  per  second  flood  flow  has  been  used  in  this  study  for  design 
purposes  for  the  Missouri  River  below  the  mouth  of  the  Dearborn 
River. 


"  •»     I       i        i  10         to  soffioioo 

ANNUAL  FLOODS  FOR  MfSSOURI  RIVER  AT  CASCADE 


Maximum  Discharge  for  the  Dearborn  River 

The  De^arborn  River  is  the  only  major  river  contributing  to 
the  Missouri  River  in  the  section  under  study  in  ibis  report.  Follow- 
ing IS  a  chart  showing  measured  peak  yearly  discharges  for  the  325 
square  miles  of  this  drainage  area  located  above  the  Craig  gaging 
station  and  also  the  estimated  extension  of  this  data  to  cover  the 
entire  482  miles  of  the  Dearborn  Drainage  Area.  In  both  the  evalua- 
tion of  the  Dearborn  River  and  the  Missouri  River,  the  frequency 


of  maximum  dbcharges  in  approximately  70  years  of  record  for  the 
Missouri  at  Fort  Benton  has  been  considered  in  determining  the  fre- 
quency of  maximum  discharges  at  the  U.  S,  G.  S.  Gaging  Stations 
with  shorter  periods  of  record.  As  shown  on  the  chart,  a  50-year  flood 
for  the  Dearborn  River  has  been  determined  to  be  10.500  cubic  feet 
per  second  at  the  mouth.  Past  records  indicate  that  this  50-year  flood 
on  the  Dearborn  is  not  to  be  expected  simultaneously  with  a  50-year 
flood  in  the  Missouri  River  above  Holier  Dam.  In  the  1948  flood  the 


ANNUAL  FLOODS  FOR  DEARBORN  RIVER  NEAR  CRAIG 


Missouri  River  peaked  at  34,800  c.f.s.  below  Holter  Dam  on  June  8 
at  6:00  p.  m.  The  observed  flow  at  the  Dearborn  River  Gaging  Sta- 
tion  decreased  from  2,290  c.f.s.  at  noon  on  June  7,  1948  to  1.930 
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c.  f.  s,  at  noon  on  June  8  and  then  to  1,620  c.f.s.  on  June  9.  These 
/lows  are  only  a  fraction  of  the  8,500  c-f.s-  flow  which  would  be 
cxpeeied  for  the  Dearborn  River  Gaging  Station  as  a  50-year  flood. 
Evaluation  of  the  records  at  Cascade  further  hvdri  out  the  unlikelihood 
of  a  50'ycar  flood  on  the  Dearborn  River  occurring  simultaneously 
with  a  50-year  flood  in  the  Missouri  River  above  iheir  confluence. 


Maximum  Discharges  for  Small  Drainage  Areas 

Numerous  small  drainage  areas  along  the  Missouri  River  must 
be  considered  in  order  to  design  various  culverts  required.  Most 
of  this  area  consists  of  hills  usually  grass  covered  and  partially  foresced. 
For  usual  drainage  areas  leu  than  one  square  mile  in  area,  rhc  Bureau 
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of  Public  Roads  criteria  has  been  employed  using  a  25  year  rainfall 
intensity  of  1.30  inches  per  hour  and  a  runoff  coefficient  of  22%  sug- 
gested for  slopes  of  15  to  30  degrees.  The  discharge  obtained  with 
these  values  from  the  U.  S.  B.  P.  R.  data  has  been  multiplied  by  1.2 
to  obtain  maximum  discharges  for  a  50  year  frequency  storm.  For  areas 
over  one  square  mile,  this  criteria  will  be  tempered  as  indicated  on 
■he  following  chart. 

Culvert  Summary 

A  considerable  number  of  small  drainage  pipes  will  be  neces- 
sary for  all  considered  alternates.  These  will  drain  small  areas  ad- 
jacent to  the  Interstate  Highway.  The  following  summary  contains 
drainage  and  access  pipes  over  60  inches  in  diameter: 
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High  Water  Elevations 

No  precise  information  is  available  regarding  the  1908  high 
water  levels  in  the  Missouri  River  Area  under  study.  Since  the  flood 
has  been  estimated  as  a  very  infrequent  flood  (possibly  a  200  year 
flood),  the  flood  elevations  were  quite  possibly  higher  than  would  be 
used  as  a  reasonable  design  basis.  The  Great  Northern  Railway  has 
noted  numerous  1948  high  water  elevations  on  their  railway  profile 
plans.  This  data  appears  to  be  the  best  information  on  past  floods  in 
this  project  since  the  1948  Missouri  River  Flood  was  the  second  or 
third  largest  of  record.  The  consultants  estimate  this  flood  to  have 
had  a  peak  flow  of  about  41,000  cubic  feet  per  second  in  the  river 
section  within  this  highway  project. 

A  field  survey  was  made  within  this  project  to  determine  an 
accurate  river  profile  with  a  flow  of  the  5,200  cubic  feet  per  second 
recorded  on  October  15.  1962.  The  apparent  1948  flood  profile  as- 
suming a  river  flow  of  41.000  c.f.s.  has  been  used  along  with  the 
5,200  c.f.s.  profile  to  compute  a  profile  for  the  estimated  50  year  flood 
flow  of  50.000  c.f.s.  Numerous  river  cross  sections  have  been  plotted 
and  areas  computed  using  a  1959  field  survey  of  the  M.  S.  H.  C.  which 
fully  cross  sectioned  the  river  at  numerous  points.  Conveyance  factors 
for  various  stretches  of  the  river  have  been  computed  and  the  rise 
above  the  5.200  c.f.s.  profile  likewise  computed  for  these  stretches  for 
10.000  c.f.s.  increments  of  flow  up  to  50.000  c.f.s. 

It  is  of  interest  to  note  that  factors  for  the  coefficient  of  fric- 
tion at  high  flows  appear  generally  to  fall  between  0.023  and  0.025 
but  compute  to  be  0.035  or  higher  at  low  flows.   It  is  believed  that 


river  meanders  within  ihe  river  channel  itself  at  low  flows  indicate 
hightr  friction  coefficient  at  low  flows  than  actually  exist.  The 
average  slope  in  51.100  feet  of  channel  was  0.079%  with  stretches 
varying  from  a  low  of  0.026%  to  a  high  of  0.14%.  The  slopes  indi- 
cated by  the  1948  railway  flood  data  and  by  the  calculations  show 
flat  stretches  generally  increasing  in  slope  and  steep  sections  decreas- 
mg  in  slope  for  higher  flow  conditions. 

The  estimated  high  water  elevations  are  generally  10.5  feet  to 
11.5  feet  above  the  5,200  c.f.s.  profile  measured  on  October  15,  1962. 
These  estimated  elevations  have  been  used  for  this  study.  It  is  planned 
to  observe  the  Missouri  River  at  higher  stages  during  the  196i  spring 
runoff.  This  data  will  be  used  to  check  the  preliminary  study  data 
and  adjustments  made  in  estimated  high  water  elevations  if  necessary 
prior  to  the  completion  of  final  construction  plans. 

The  existing  high  water  elevations  determined  are  about  one  foot 
above  the  existing  highway  at  its  lowest  point  relative  to  rhe  river. 
The  estimated  high  water  profile  is  about  the  same  as  the  top  of  the 
railway  subgrade  at  its  lowest  relative  point  in  the  section  considered. 
It  is  planned  to  provide  approximately  four  feet  of  freeboard  from  this 
flood  profile  to  the  minimum  Interstate  Highway  subgrade  elevations. 
The  new  highway  will  be  about  five  feet  higher  (minimum)  than 
the  lowest  existing  highway  elevation  relative  to  the  river  and  about 
two  feet  higher  than  the  lowest  relative  railway  rail  elevation. 

High  Water  as  Affected  by  Ice  Jams 

The  section  of  the  Missouri  River  between  Siickney  Creek  and 
Hardy  Creek  is  susceptible  to  ice  jamming.  Reduced  channel  sections 
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at  various  points  encourage  accumulation  of  floating  ice  resulting  in 
jamming  and  freezing.  At  least  once  in  recent  years  jn  ice  jam  formed 
resulting  in  flooding  of  the  relatively  lowest  section  of  road  to  a  depth 
of  possibly  one  and  one-half  feet.  High  water  from  ice  jams  may  be 
as  much  of  a  consideration  as  high  water  from  spring  floods.  The 
high  water  elevations  determined  and  the  utilization  of  four  feet  of 
freeboard  above  this  elevation  to  the  highway  will  provide  reasonable 
protection  against  future  high  water  resulting  from  ice  formation  in 
the  section  of  the  river  in  the  project. 

River  Erosion  Control 

Computed  average  flood  velocities  of  the  river  in  the  project 
vary  from  7  to  12  feet  per  second  with  most  stretches  having  a  velocity 
of  near  10  feet  per  second.  New  roadway  sections  will  in  many  cases 
extend  out  into  the  river.  In  such  cases  ample  riprap  protection  of 
the  2:1  slopes  is  essential  to  the  stability  of  the  roadway  slopes.  In 
some  of  these  areas,  it  will  be  necessary  to  enlarge  the  river  channel 
by  removing  material  between  the  existing  river  and  the  railway. 
Some  of  these  cases  will  require  railway  river  bank  protection  to  pre- 
vent erosion.  It  is  proposed  to  use  Type  "B"  Random  Riprap  obtained 
from  the  shot  rock  excavation  on  the  project  for  this  slope  protection 
and  to  place  the  riprap  as  shown  in  the  following  typical  sections.  The 
Type  "B"  riprap  has  stones  varying  generally  from  about  165  pounds 
to  over  650  pounds.  Stones  of  100  pounds  and  over  should  be  stable 
for  the  velocities  anticipated. 


ftlVER  SLOPE  PROTECTION  FOR  NEW  HIGHWAY 

Missouri  River  Channel  Alterations 

The  Missouri  River  in  many  areas  of  this  project  section  is  bor- 
dered on  one  side  by  relatively  steep  rock  outcropping*  of  sizeable 
height.  Maintaining  the  required  roadway  alignment  in  several  of 
these  areas  without  crowding  the  river  channel  is  considered  economic- 
ally  impractical.  Across  the  river  from  these  rock  outcrops,  which 
must  be  circumvented,  the  banks  are  relatively  flat  and  generally  con- 
sist of  easily  excavated  materials.  It  is  planned  in  several  of  these 
critical  sections  to  construa  the  roadway  along  the  steep  rock  out- 
cropping widi  the  outside  roadway  slope  catching  tn  the  present  river 
channel.  Widening  the  resulting  river  channel  on  the  bank  away  from 
the  new  roadway  will  allow  the  required  flood  flow  to  be  carried  with 
the  same  water  surface  profile  that  the  existing  river  channel  now 
provides.  By  so  doing,  the  future  Missouri  River  high  water  elevations 
should  not  be  higher  than  would  have  resulted  were  the  new  con- 
struction not  undertaken.   The  widening  can  be  accomplished  with 
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the  added  channel  botcom  slightly  above  low  water  elevations.  By  so 
doing,  the  channel  widening  may  be  accomplished  using  normal  eco- 
nomical earth  moving  equipment  and  methods.  Channel  widening 
should  be  accomplished  prior  to  construction  of  the  adjacent  roadway 
fills. 


Following  is  a  drawing  showing  the  proposed  channel  alteration 
cross  sectioo. 


TYPICAL  RIVER  CHflNNEt,  ALTEBATIOM  CROSS  SECTION 

Missouri  River  CKannel  Change 

In  one  location  in  the  course  of  the  study,  it  was  considered 
desirable  to  make  a  complete  relocation  of  the  Missouri  River  channel. 
The  new  channel  is  planned  to  carry  the  design  flood  without  affect- 
ing the  overall  water  surface  profile  as  dictated  by  existing  river 
conditions.  The  recommended  alignment  includes  this  major  river 
channel  change.  It  is  proposed  to  use  a  rock  dike  jetty  upstream 
from  the  beginning  of  the  channel  change  on  the  west  side  of  the 


river  to  start  the  river  turning  into  its  new  channel.  Deeper  riprap- 
ping  than  normal  will  be  used  where  the  diverted  channel  will  most 
likely  erode  the  channel  bottom  along  the  Interstate  as  the  river  estab- 
lishes its  new  course.  Riprap  will  be  used  alung  the  existing  highway 
where  considered  essential  to  protect  the  channel  change  bank. 

Following  is  a  sketch  of  the  proposed  cross  section  for  this 
channel  change. 


PROPOSED  RIVER  CHANNEL  CHANGE  CROSS  SECTION 

Jurisdiction  for  River  Alterations 

The  U.  S.  Army  Corps  of  Engineers  have  been  contacted  re- 
garding channel  changes  in  the  Missouri  River.  They  have  advised 
that  a  permit  is  required  for  changes  in  the  course  of  the  Missouri 
River  "below"  Fort  Benton,  Montana.  It  has  been  concluded  that  the 
Slate  may  make  alteratiom  and  changes  in  the  Missouri  River  above 
Fort  Benton  without  referring  the  plans  to  any  Federal  Water  Re- 
sources Agency  for  approval. 


Cost  of  River  Channel  Alterations 

Since  the  river  channel  alterations  occur  on  the  opposite  side  of 
the  river  from  the  proposed  new  roadway,  utilization  of  excavated 
material  for  roadway  fill  can  be  accomplished  by  transporting  such 
material  across  the  river.  Each  channel  alteration  condition  has  been 
analyzed  a&suming  that  a  temporary  and  partially-reusable  limber 
pile  bridge  would  be  used  to  span  a  reasonably  low  water  channel 
to  provide  for  movement  of  heavy  earthmoving  equipment  back  and 
forth  across  the  river.  In  actual  construction,  a  contractor  may  elect 
to  use  some  other  system  to  span  the  river  if  such  would  result  in  a 
lesser  cost.  The  proposed  highway  project  does  require  a  substantial 
amount  of  borrow  material.  With  this  material  costing  about  $0.40 
per  cubic  yard  from  a  borrow  pit  adjacent  to  the  highway,  all  suit- 
able channel  excavation  materials  can  be  very  economically  used  for 
roadway  embankments,  In  actuality,  the  use  of  the  suitable  excavated 
widened -channel  materials  will  replace  about  65  to  70  percent  of  the 
channel  alteration  costs  when  considering  the  value  of  this  excavated 
material  for  roadway  embankments.  The  "net  costs"  of  this  river 
work  is  therefore  of  a  much  smaller  magnitude  than  i«  initial  con- 
sideration would  indicate. 

Major  Structures 

General 

Major  structures  on  the  proposed  alignment  include  a  bridge 
crossing  over  the  Missouri  River  and  the  Great  Northern  Railway 
near  the  mouth  of  the  Dearborn  River,  a  railway  crossing  near  the 
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proposed  river  channel  change,  a  Missouri  River  Bridge  east  of  the 
Gary  Cooper  Ranch,  an  inierchangc  structure  oo  the  south  side  of  the 
river  and  south  of  the  Great  Northern  Railway  tunnel  area,  a  bridge 
crossing  over  the  Missouri  River  and  Railway  midway  between  Pryott 
and  Hardy  Creeks  and  a  bridge  over  Hardy  Creek.  Preliminary  esti- 
mates were  prepared  for  these  structures  as  well  as  all  siucturcs  on 
alternate  locations  considered.  A  cost  summary  of  all  structures  ap- 
pears in  Figures  38  and  39. 

Design  Loading 

All  structures  on  the  recommended  alignment  carry  Interstate 
traffic  and  will  therefore  be  designed  for  an  H20-SI6  or  the  alternate 
military  loading.  Structures  will  be  designed  in  accordance  with  the 
latest  edition  of  the  A.  A.  S.  H.  O.  Standard  Specifications  and  cur- 
tent  Montana  Highway  Department  Standards. 

Preliminary  Cost  Estimates 

Structure  cost  estimates  for  this  study  utilizing  prestressed  con- 
crete girder  construction  and  steel  wide  flange  girder  construction  are 
based  on  unit  square  foot  costs  of  S10.50  and  $11.50  per  square  foot 
respectively.  These  estimating  figures  are  adequate  as  indicated  by 
1959,  I960  and  1961  structure  contract  awards  by  the  Montana  State 
Highway  Commission.  Layouts  of  several  Missouri  River  bridges  have 
been  analyzed  for  the  cost  of  builtup  steel  plate  girders  spanning  125 


to  185  feet.  An  estimating  figure  of  $16.50  has  been  determined  as 
being  reasonable  for  estimating  the  cost  of  these  structures  for  cost 
comparison  purposes  in  this  study.  Areas  of  structures  for  estimating 
purposes  have  been  determined  assuming  a  width  one  foot  greater  than 
the  width  out-to-out  of  curbs  and  using  the  center-to-centcr  of  end 
bearings  for  length.  A  contingency  allowance  of  ten  percent  has  been 
added  to  aU  estimates.  Although  the  use  of  pile  foundations  are  not 
anticipated,  the  contingency  allowance  will  be  sufficient  to  cover  this 
construaioo  if  a  more  complete  foundation  investigation  reveals 
the  necessity.  Estimated  costs  for  structures  with  abnormally  high 
substructures  or  considerable  curvature  have  been  computed  with 
unit  costs  five  percent  higher  than  the  costs  previously  quoted. 

Foundation  Investigations  and  Site  Surveys 

When  the  work  on  construction  plans  is  commenced,  a  detailed 
site  survey  will  be  made  at  each  structure  location  on  the  seleaed 
alignment.  Foundation  borings  will  be  made  at  the  site  to  determine 
accurately  the  subsurface  conditions.  Final  construaion  layouts  will 
reflect  the  requirements  of  this  more  detailed  site  information. 

Typical  Structure  Layouts 

The  three  Missouri  River  bridges  will  employ  welded  steel  built- 
up  girder  sections  for  spanning  the  river  proper.    Span  lengths  be- 


tween 125  feet  and  185  feet  will  be  selected  to  provide  reasonably 
unrcstriaed  river  sections  and  to  provide  a  reasonable  balance  between 
span  lengths  and  substructure  co«ts.  Additional  end  spans  for  these 
bridges  will  be  shorter  utilizing  cither  steel  wide  flange  girders  or 
prestressed  concrete  girders.  The  use  of  "A36"  structural  steel  recently 
approved  for  use  by  the  U.  S.  Bureau  of  Public  Roads  will  be  con- 
sidered for  steel  girders  to  take  advantage  of  approximately  a  10 
percent  increase  in  allowable  stresses  over  "A7"  steel.  Figure  34 
shows  a  preliminary  layout  of  the  proposed  Missouri  River  bridge 
near  the  mouth  of  the  Dearborn  River.  This  layout  is  intended  to 
portray  the  general  type  of  construction  proposed  for  the  three  Mis- 
souri  River  bridges.  Two  of  the  three  Missouri  River  bridges  will 
employ  an  extra  end  span  to  provide  separation  for  service  roads  pass- 
ing under  the  bridges. 

Prestressed  concrete  girder  construction  will  be  utilized  for  in- 
terchange structure  P260  located  south  of  the  railway  tunnel  on  the 
proposed  line.  An  exhibit  of  the  proposed  construction  for  this  struc- 
ture is  shown  in  Figure  35.  The  railway  crossing  west  of  the  Mis- 
souri River  channel  change  will  be  of  similar  constnirtion.  The  Hardy 
Creek  bridge  likewise  will  be  of  similar  construaion,  but  will  contain 
four  spans  rather  than  three.  The  extra  span  will  provide  separation 
between  the  interstate  and  Service  Road  12  passing  under  the  struc- 
ture on  the  north  bank  of  Hardy  Creek. 


PAGE  26 


Economic  Analysis 

Aft  economic  analysis  in  the  form  of  a  cost  comparisoa  study  is 
made  [o  compare  ajteraate  locations  or  routes  with  similar  terrain 
and  design  conditions.  For  a  valid  comparison,  the  type  of  highway 
facility  and  the  traffic  served  should  generally  be  the  same.  The  re- 
sults of  this  analysis  is  a  cost  comparison  which  proportions  due  con- 
sideration to  the  items  that  can  be  evaluated  in  t<;ritis  of  true  cost  in 
dollars. 

More  than  the  initial  construction  costs  must  be  considered.  This 
has  long  been  rccogoizcd  as  revealed  in  the  statement  from  "A  Manual 
of  the  Principles  and  Practices  of  Road-Making"  by  W.  M.  Gillespie, 
published  in  1846.  To  quote:  "A  minimum  of  expense  is,  of  course, 
highly  desirable,  but  the  road  which  is  truly  cheapest  is  not  the  one 
which  has  cost  the  least  money,  but  the  one  which  makes  the  most 
profitable  returns  in  proportion  to  the  amount  which  has  been  expended 
upon  it."  In  this  study  an  evaluation  of  alternate  locations  is  made 
on  an  annual  cost  basts.  Major  items  to  be  considered  are  construction, 
maintenance,  and  vehicle  operating  costs.  The  various  items  considered 
in  the  initial  construction  costs  are  amortized  over  a  certain  life  ex- 
pectanc)'  at  a  specific  rate  of  interest.  Maintenance  involves  costs  which 
occur  in  the  year  performed  and  are  primarily  related  to  the  length 
and  type  of  facility.  Annual  road  user  costs  are  related  to  the  number 
of  vehicles  using  the  facility  and  also  the  features  and  type  of  high- 
way involved. 

The  residenu  in  the  immediate  vicinity  trf  a  proposed  highway 
improvement  normally  are  interested  and  concerned  with  its  location. 


Also  the  non-resident  road  user  is  concerned  with  the  cost  of  construc- 
tion and  maintenance  since  it  is  highway  user  taxes  and  fees  which 
provide  the  major  source  of  funds  for  highway  facilities.  The  road 
user  is  also  interested  from  the  standpoint  of  vehicle  operating  costs. 

This  report  evaluates  road  user  costs  for  automobiles  for  different 
conditions  of  operation  on  highways  of  various  types.  These  consider 
the  following  variables  as  tabulated  in  the  1%0  A.A.S.H.O.  Infor- 
mational Report  on  Road  User  Benefit  Analysis: 


3. 


Type  of  Vehicle 

5. 

Running  Speed 

a.  Passenger  car. 

a.  Range  of  likely  values. 

b.  Truck  or  Bus. 

6. 

Gradient  Class 

Type  of  Area 

a.  0  to  3  percent. 

a.  Rural. 

b.  3  to  5  percent. 

b.  Urban. 

c.  5  to  7  percent. 

d.  7  to  9  percent. 

Type  of  Highway 

7. 

Type  of  Surface 

a.  Two  Lane. 

a.  Paved. 

b.  Four  Lane. 

b.  Loose  surface. 

Type  of  Operation 

c.  Unsm^aced. 

a.  Free. 

8. 

Alignment 

b.  Normal. 

a.  Tangent. 

b.  Restricted. 

b.  Curved. 

The  referenced  A.A.S.H.O.  report  assigns  individual  vehicle  opera- 
tional costs  for  ranges  of  profile  grades  as  indicated  by  Item  6  above 
instead  of  for  unit  increments  of  profile  grades.  In  order  to  more 
fully  reflect  the  accelerating  rate  of  increase  in  operation  costs  on 
steeper  gradient,  the  values  from  the  A.A.S.H.O.  report  were  plotted 
for  the  average  grade  of  each  grade  range.  The  curve  determined  by 


these  points  could  then  be  used  to  obtain  a  value  for  any  profile 
gradient.  For  long  stretches  on  all  alternates  where  the  grades  varied 
slightly  and  none  in  the  group  exceeded  three  per  cent,  an  average 
grade  was  computed  for  the  group  and  the  value  for  this  average  taken 
from  the  curve.  Profile  grades  exceeding  three  per  cent  were  treated 
on  an  individual  basis,  and  corresponding  values  taken  from  the  curve. 
Borh  groups  are  listed  under  the  heading,  "Grade,"  in  Table  1,  An- 
nual Road  User  Costs. 

Cost  Comparison  Study 

The  most  economical  location  of  the  seven  alternates  which  con- 
stitute the  alignments  investigated  for  this  project  is  Alignment  I-C. 
The  four  alternates  I  through  4  were  first  compared.  Table  3.  Part 
I,  shows  the  results  of  this  study  prorated  to  an  annual  basis  and  indi- 
cates the  economic  advantage  of  Alternate  I  due  to  the  lowest  annual 
operating  cost  and  the  lowest  total  annual  cost.  Table  3,  Part  II, 
indicates  a  similar  advantage  for  Alternate  C,  over  Alternates  A  and 
B.  Table  3  lists  totals  of  annual  construction  and  maintenance  costs, 
operating  costs,  and  overall  costs  for  Alternates  1  through  4  and  A 
through  C.  Table  4  lists  the  totals  for  the  twelve  alignments  possible 
through  combining  the  numbered  alternates  with  the  lettered  alternates. 

The  analysis  was  made  using  unit  road  users  cost  data  and  pro- 
cedures outlined  in  the  A.A.S.H.O.  Informational  Report  of  I960  on 
"Road  User  Benefit  Analysis  for  Highway  Improvements,  Part  I, 
Passenger  Cars  in  Rural  Areas."  Both  the  1958  ADT  and  the  pro- 
jected 1975  ADT,  including  truck  traffic  of  15%  of  the  annual  ADT, 
were  determined  from  information  provided  by  the  Montana  High- 
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way  Commission,  Planiog  Survey  Division.  See  drawings  of  Traffic 
Volumes  and  Turning  Movements  on  Pages  30  through  33. 

The  average  annual  daily  traffic  was  considered  to  be  the  1975 
ADT  which  covers  a  20  year  period  from  IS)65  to  1985,  and  is  con- 
sistent with  the  above  informational  report,  1965  was  used  as  a  prob- 
able date  of  completioQ  of  construction  which  makes  1975  the  mid- 
point of  the  20  year  period  considered. 

The  operating  costs  for  commercial  vehicles  were  considered  at 
3.5  times  that  for  passenger  cars.  This  value  is  the  average  of  the  range 
of  values  presented  as  a  composite  for  trucks  and  buses  outlined  in 
Table  2  of  the  A.A.S.H.O.  Informational  Report.  All  unit  costs  of 
vehicle  expenses  ere  used  as  published  in  the  A.A.S.H.O.  Informational 
Report  with  the  exception  of  the  unit  cost  of  gasoline,  which  was 
increased  from  32  cents  to  40  cents  per  gallon  to  reflect  the  current 
prices  in  Montana.  Operation  was  considered  "free"  on  4-lane  sec- 
tions of  the  Interstate  locations  and  "normal"  on  the  2-lane  sections. 

Unit  road  user  costs  for  service  roads  were  based  on  an  assumed 
state  of  loose  surface  in  good  condition.  A  minimum  surfacing  sec- 
tion using  plant  mix  paving  is  proposed  on  the  new  sections  of  service 
roads.  Existing  highway  sections  which  will  be  retained  for  use  in 
conjunction  with  the  new  service  roads  are  also  paved  roads.  Since 
these  roads  may  not  be  State  highways,  it  is  uncertain  what  type  and 
extent  of  maintenance  they  will  receive  in  the  future.  They  may  in 
time  deteriorate  to  the  equivalent  of  a  gravel  surfaced  road.  This  is 
the  basis  for  using  the  lower  condition  and  higher  operating  costs. 

The  higher  unit  costs  reflected  tend  to  favor  the  alignment  with 


the  shortest  length  of  service  roads.  In  this  study  Alignment  1-C 
has  the  greatest  length  of  service  roads,  therefore  the  tendency  is  to 
favor  the  other  alignments  economically.  The  majority  of  the  serv- 
ice for  I-C  uses  the  existing  highway  and  does  not  require  new  con- 
struction. 

A  running  speed  of  56  MPH  was  used  to  determine  road  users 
costs  for  4-lane  sections  of  the  proposed  Interstate  and  52  MPH  on 
2-Iane  sections.  The  reference  for  verification  of  running  speeds  in 
the  52  to  56  MPH  range  for  this  project  is  the  Special  Accident  Study 
undertaken  several  years  ago,  1954  through  1958,  by  the  Planning 
Survey  Division  of  the  Montana  Highway  Comtnission  for  the  portion 
of  U.S.  91  from  8  miles  north  of  Helena  to  Cascade. 

Speed  checks  performed  with  unmarked  state  cars  revealed  that 
the  average  speed  of  vehicles,  including  trucks,  on  this  seaion  of 
present  highway  from  Stickney  Creek  lo  Hardy  Creek,  is  over  50 
MPH  except  in  two  seaions.  In  the  area  that  will  be  replaced  by 
Alternate  I,  2,  3  or  4  the  minimum  average  speed  was  43  miles  per 
hour  and  the  maximum  average  speed  was  62  miles  per  hour.  The 
minimum  average  speed  of  43  MPH  was  in  the  area  of  a  15  degree 
horizontal  curve  combined  with  a  500  foot  vertical  curve  on  +3.00% 
and  — 5.00%  grades.  On  the  existing  highway  north  of  the  proposed 
Interchange  2  the  minimum  average  speed  was  32  miles  per  hour  and 
the  maximum  average  speed  was  63  miles  per  hour.  The  minimum 
average  speed  of  32  miles  per  hour  was  in  the  area  of  a  20  degree 
horizontal  curve  combined  with  a  400  foot  vertical  curve  on  +5.00% 
and  — 2.55%  grades.  The  existing  highway  by  present  Interstate 
design  standard  evaluations  would  not  be  over  a  40  MPH  design  be- 


cause of  the  high  degree  of  curvature  and  non-passing  sight  distances 
of  less  than  300  feet  in  many  areas. 

A  Rural  Highway  Speeds  Survey  conducted  in  August  and  Sep- 
tember of  1960,  by  the  Montana  State  Highway  Commission,  Planning 
Survey  Division,  shows  that  in  studies  made  on  two  check  stations  of 
constructed  Interstate  Highway  an  average  speed  for  all  vehicles  was 
56.7  miles  per  hour,  and  that  52.9  %  of  these  vehicles  were  traveling 
in  excess  of  55  MPH.  At  five  stations  studied  in  August  1962,  an 
average  speed  of  60.3  MPH  with  70.1%  of  all  vehicles  iraveUng  ia 
excess  of  55  MPH  was  revealed. 

Information  presented  in  an  article  entitled  "Research  Needed 
to  Keep  Pace  With  Changing  Traffic  Treads"  by  O.  K.  Nermann  in 
the  July  1958,  issue  of  Traffic  Quarterly  shows  that  vehicle  speeds 
have  increased.  He  states  that  locations  with  average  speeds  above 
60  MPH  are  mote  conmion  now  than  locations  with  average  speeds 
above  50  MPH  were  in  1941  and  that  this  can  be  found  even  in  areas 
where  60  MPH  is  a  posted  speed  limit.  He  also  points  out  that  there 
are  any  number  of  locations  with  the  average  speed  exceeding  55  MPH 
whereas  locations  where  average  speeds  were  in  excess  of  50  MPH 
were  infrequent  in  1941, 

In  accordance  with  the  previous  discussion  of  running  speeds  on 
highways  both  on  a  national  level  and  for  local  conditions  in  Mon- 
tana, a  52  mile  per  hour  running  speed  on  2-Iane  Interstate  highways 
and  a  56  mile  per  hour  running  speed  on  4-lane  Interstate  highways  is 
considered  reasonable. 
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A  runuiog  speed  of  40  miles  per  hour  was  used  for  all  service 
roads.  Although  die  preseni  average  speed  on  ihe  existing  highway 
exceeds  the  indicated  design  speed  by  15  miles  per  hour,  and  sections 
to  be  constructed  as  service  roads  in  accordance  with  the  proposed 
plans  do  not  reduce  these  standards,  the  above  running  speed  will  not 
be  excessive.  It  should  be  noted  that  (his  is  the  local  traffic  remaining 
after  the  faster  through  traffic  has  moved  to  the  Interstate  Highway. 

Total  annual  construction  costs  and  annual  maintenance  COSU  are 
shown  in  Table  2  for  the  alternate  locations.  An  interest  rate  of  6% 
was  used  as  a  basis  of  amortizing  the  initial  construction  costs  over 
the  service  life  of  the  various  highway  construction  items.  This  is 
consistent  with  present  practice  of  the  Montana  Highway  Commission. 
The  service  life  of  each  constmaioo  item  is  shown  below: 

1.  Right  of  Way  —  50  years 

2.  Grading  and  Drainage  —  40  years 

3.  Major  Structures  —  40  years 

4.  Surfacing  —  20  years 

Table  1  shows  the  compuution  of  road  users  costs  as  listed  in 
Tables  J  and  4. 

Service  Roads 

Service  roads  are  justified  as  shown  on  pages  40  and  4l.  Each 
section  was  examined  to  determine  its  effects  on  the  cost  to  the  road 
user.  This  was  done  by  eliminating  the  facility  being  studied  and 
calculating  the  increased  road  users  costs.  The  ADT  used  in  service 
road  justification  considers  the  vehicle  (ravel  from  origin  to  destina- 


tion and  return  trip,  and  has  been  adjusted  to  include  an  estimated 
6  per  cent  commercial  vehicles.  All  costs  on  commercial  vehicles  were 
considered  3.5  times  that  of  a  passenger  vehicle. 

On  the  Recommended  Alignmcni  l-C  the  new  service  roads  com- 
bined with  the  remaining  existing  highway  will  provide  access  to 
the  Missouri  River  as  now  exists  on  the  present  U.  S.  No.  91.  A  dis- 
cussion of  each  section  of  service  roads  on  Alignment  l-C  follows. 
The  service  roads  on  the  other  aligmnents  were  investigated  and  justi- 
fied but  justification  figures  are  not  included  in  this  report. 

Service  Roads  I,  6  and  d 

The  service  road  north  of  Interchange  5  serving  traffic  in  the 
Andy  Creek  and  Marshall  Tract  areas  is  justified  by  the  additional 
road  users  costs  and  additional  travel  distance  necessary  if  this  service 
road  is  not  provided  and  assuming  Service  Road  7  is  provided. 
Traffic  generated  in  the  vicinity  of  the  Andy  Creek  and  Marshall  Tract 
areas,  where  there  is  an  adjusted  total  ADT  of  84  vehicles  desiring 
to  travel  south,  will  travel  a  total  of  320  vehicle  miles  daily  to  gain 
access  to  the  Interstate.  If  Service  Roads  1,  8  and  6  were  not  pro- 
vided and  assuming  that  Service  Road  7  is  provided,  an  additional 
586  vehicle  miles  of  travel  daily  would  be  necessary.  Using  unit  road 
users  cost  of  0.1235  per  vehicle  per  mile  for  service  roads  and 
S0.1005  per  vehicle  mile  for  the  Interstate,  this  facility  provides  an 
annual  savings  of  $27,722  to  the  road  user.  This  savings  to  the  road 
user  would  allow  an  initial  construction  cost  for  these  service  roads 
of  $299,201  assuming  6  percent  interest  rate  and  a  conservative  30 
year  life  of  the  facilities.  This  is  well  above  the  required  cost  of  the 


service  provided.  It  should  be  noted  that  not  alt  of  this  service  road 
could  be  eliminated  since  this  would  isolate  the  community  south  of 
the  mouth  of  the  Dearborn  River. 

Service  Roads  7  and  10 

Service  Roads  7  and  10  located  south  of  Interchange  2  and  serv- 
ing traffic  in  the  Andy  Creek  and  Marshall  Tract  areas  should  be 
provided  as  indicated  by  savings  in  travel  distance  and  road  users 
costs  and  assuming  Ser\ice  Roads  1,  8  and  6  are  provided.  Traffic 
generated  in  this  area  where  there  is  an  adjusted  total  ADT  of  166 
vehicles  desiring  to  travel  north  must  travel  633  vehicle  miles  daily 
to  gain  access  to  the  Interstate.  If  this  service  is  eliminated,  1,160 
additional  vehicle  miles  of  travel  daily  are  necessary.  Unit  road  users 
costs  of  S0.I235  per  vehicle  pet  mile  for  service  roads  and  $0.1005 
per  vehicle  per  mile  for  Interstate  facilities  were  used.  With  the 
service  road  provided  an  annual  savings  of  $42,983  to  the  road 
users  is  realized. 

Assuming  a  conservative  30  year  life  of  the  facilities  and  6  per- 
cent interest  this  savings  to  the  road  user  would  allow  an  initial 
construction  cost  for  these  service  roads  of  $592,052,  which  is  more 
than  would  be  required  to  provide  this  service. 

Service  Roads  4  and  II 

Service  Roads  4  and  1 1  located  north  of  Interchange  2  are  justi- 
fied by  the  savings  in  travel  distance  and  a  corresponding  savings  in 
road  users  costs,  assuming  Service  Road  12  is  provided.    The  area 


surroundiDg  the  commufiicy  norih  of  the  existing  Missouri  River 
bridge  or  Siebold  Tracts,  and  the  community  south  of  the  existing 
Missouri  River  bridge  or  Wiflington  Tracts,  generate  a  traffic  volume 
of  157  adjusted  total  ADT  desiring  to  travel  in  a  southerly  direc- 
tion. With  Service  Roads  4  and  1 1  provided,  this  traffic  is  required 
to  travel  409  vehicle  miles  daily  in  order  to  gain  access  to  the  Inter- 
state. If  these  facilities  are  not  provided  an  additional  travel  distance 
of  1,048  vehicle  miles  daily  would  be  necessary.  Unit  road  users 
costs  of  SO.  1 230  per  vehicle  per  mile  and  $0.1055  per  vehicle  per 
mile  were  used  for  service  roads  and  Interstate  facilities  respectively. 
An  annual  savings  to  the  road  users  of  $40,576  would  be  realized. 

This  savings  to  the  road  user  would  allow  an  initial  construction 
cost  for  these  service  roads  of  $558,898  assuming  6  percent  interest 
and  a  conservative  30  year  life  of  the  facilities.  This  is  well  above 
the  required  cost  of  the  service  provided. 

Service  Road  12 

Service  Road  12  provides  a  connection  between  the  two  sections 
of  the  existing  roadway  where  the  Interstate  crosses  it  near  Hardy 
Creek.  It  provides  access  for  traffic  generated  by  the  area  near  the 
communities  north  and  south  of  the  existing  Missouri  River  bridge 
desiring  to  travel  north  on  the  Interstate.  This  are^a  has  an  adjusted 
total  ADT  of  80  vehicles.  With  Service  Road  12  provided,  this  traf- 
fic must  travel  a  total  of  200  vehicle  miles  daily  to  gain  access  to 
the  Interstate  Highway.  If  this  facility  were  not  provided  and  assum- 
ing Service  Roads  4  and  1 1  are  provided,  an  additional  daily  travel 
distance  of  550  vehicle  miles  at  an  annual  cost  to  the  road  user  of 
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57,687  would  be  necessary.  Unit  costs  of  SO.1230  for  service  roads 
and  $0.1035  for  Interstate  were  used  in  these  calculations.  Assuming 
a  conservative  30  year  life  of  the  facility  and  6  percent  interest  this 
savings  to  the  road  user  would  allow  an  initial  construction  cost  for 
this  service  road  of  $105,882,  which  is  more  dian  would  be  required 
to  provide  this  service. 

Interchanges 

The  basis  for  justification  of  the  iniertianges  depicted  in  the 
report  is  a  comparison  of  ifwerchange  construction  costs  and  addi- 
tional road  user  costs  incurred  if  the  interchange  facility  is  not  pro- 
vided. Additional  road  user  costs  can  result  from  two  features:  (I) 
additional  length  of  travel  required  and  (2)  higher  unit  vehicle 
operating  costs  due  to  lower  design  standards. 

The  interchanges  shown  on  pages  40  and  41  have  been  evaluated 
on  this  basis.  A  computed  detailed  analysis  is  not  shown  in  the 
report  since  it  seems  readily  apparent  that  the  road  user  ctwts  would 
justifiably  exceed  the  costs  for  the  interchanges  proposed. 

Conclusion 

Based  upon  the  data  compiled  in  this  economic  analysis.  Align- 
ment l-C  is  recommended  as  the  most  favorable  location  for  the  fol- 
lowing reasons: 

( I )  Part  i  of  Table  3  shows  that  of  the  numbered  Alternates, 
Alternate  1  has  the  second  lowest  combined  annual  construction  and 
maintenance  costs,  the  lowest  annual  operating  cost  and  the  lowest 


atinual  cost.  Table  3  also  shows  that  for  the  additional  $30,664  per 
year  in  construction  costs  which  is  required  for  Alternate  I  over 
Alternate  4,  there  is  an  annual  savings  of  $1 16.615  in  road  user  costs 
for  Alternate  1  over  Alternate  4. 

(2)  Part  II  of  Table  3,  shows  that  of  the  lettered  Alternates, 
Alternate  C  has  die  second  lowest  combined  annual  construaioa  and 
maintenance  costs,  the  lowest  annual  operating  cost  and  the  lowest 
total  annual  cost.  Table  3  abo  shows  diat  for  the  additional  $36,326 
per  year  in  construction  costs  which  is  required  for  Alternate  C  over 
Alternate  B,  there  is  an  annual  savings  of  $55,595  in  road  user  coses 
for  Alternate  C  over  Alternate  B. 

(3)  Table  4  shows  that  Alignment  l-C  has  the  sixth  lowest 
combmed  annual  construction  and  maintenance  costs,  the  lowest  annual 
operating  cost  and  the  lowest  total  annual  cost.  Table  4  also  shows 
that  for  the  additional  $66,990  per  year  in  construaion  costs  which 
is  required  for  Alignment  I-C  over  Alignment  4-8,  there  is  an  annual 
savings  of  $172,210  in  road  user  costs  for  Alignment  l-C  over  Align- 
ment 4-B. 

The  service  roads  are  portrayed  schematically  on  the  drawings 
of  Traffic  Volumes  and  Turning  Movements.  The  relative  lengths 
and  locations  of  the  individual  service  roads  and  die  distances  between 
interchanges  can  be  viewed  on  the  Service  Road  Maps  wherein  they 
are  portrayed  as  required  by  the  different  alternates.  The  service 
roads  have  been  omitted  from  the  individual  Photo  Plans  and  all  of 
die  overall  project  maps  and  photos  in  order  to  eliminate  confusion 
with  the  Interstate  alternates  that  are  shown. 
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TABLE  I 
ANNUAL  ROAD  USERS  COST 

BEGINNING  OF  PROJECT  TO  INTERCHANGE  2 
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TABLE  I  (Continued) 
ANNUAL  ROAD  USERS  COST 

INTERCHANGE  2  TO  END  OF  PROJECT 
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Unit  Cosi 
Dollars  Mile 

L 
Length 

Miles 

Road  Users 
Cost 
AxUxLx365 
Dollars 

Alternate  "A" 

Interchange  2  to  Interchange  3 
Interchange  5  to  Transition 
Transition  to  End  of  Project 
Community  South  of  Missouri  River  Bridge 

1 
1 
I 

4 
4 
2 

P 
P 
P 

2.5 
0.8 
1.9 

940 
955 
955 

2528 
2576 
2576 

2149 
2190 
2190 

379 
586 
386 

1327 
1351 
1351 

3476 
3541 
3541 

0.I0I2 
0.0954 
0.1093 

2.39 
0.66 
0.93 

306,868 
81,379 
131.378 

to  Interchange  2 

SR 

2 

G 

1.2 

35 

70 

66 

4 

14 

80 

0.1230 

2.04 

7,327 

Community  North  of  Misiouri  River  Bridge 
Community  North  of  Missouri  River  Bridge 

SR 

2 

G 

2.4 

7 

14 

13 

I 

4 

17 

0.1258 

0.97 

758 

to  Interchange  3 
Mardv  Ofeeek  t n  Int errha  ntn*  ^ 
Great  Northern  Railway  Gravel  Pit  Access  Road 

SR 

OA 

SR 

2 
2 

G 
\j 

G 

1.3 

45 
5 

20 

90 
10 
40 

85 
9 
38 

5 
1 
2 

18 
4 
7 

103 
13 
45 

0.1230 
0.1204 
0.1204 

0.87 
0.80 
0.10 

4,023 
457 
198 

Alternate  "B" 

$532,388 

Interchange  2  to  Interchange  3 
Interchange  3  lo  Transition 
Transition  to  End  of  Project 

tlfimm  1 1  n  1  Tv  Smirn  nw        K.cf^i i n  R  i vpr  Rr irl f>ia  t^^ 
^vtuut  uui  ly  Jv^Li  III  ui  iTi  la^uui  1  l\Jl VCf  Driu 

I 
I 
I 

4 
4 
2 

P 
P 
P 

I.I 

0.8 
1.9 

930 
955 
955 

2518 
2576 
2576 

2140 
2190 
2190 

378 
^86 
386 

1323 
1  ^  ^  I 

1351 

3463 

3341 

3541 

0.1006 
O.Uy54 
0.!093 

2.78 
0.66 
0.93 

353.499 
81,379 
131,378 

Community  North  of  Missouri  River  Bridge 
Community  North  of  Missouri  River  Bridge 

SR 

2 

G 

2.4 

40 

80 

75 

5 

18 

93 

0.1258 

0.97 

4.142 

to  Interchange  3 
Hardy  Creek  to  Interchange  3 

Great  Northern  Railrnafi  Griivel  Pit  Arre**  Rnitd 

SR 
SR 

2 

2 

G 

G 

1.3 
0.2 

78 
5 

156 
10 

41) 

147 
9 
38 

9 
I 
2 

32 
4 
7 

179 
13 
45 

0.1250 
0.1204 
0.1204 

U.87 

o.so 

0.10 

6.991 

457 
198 

Alterate  "C" 

157S  044 

Interchange  2  lo  Grade  Change 
Grade  Change 
Grade  Change  to  Transition 
Transition  to  End  of  Project 
Interchange  2  to  Community  South  of 

I 
I 
I 
I 

4 
4 
4 
2 

P 

P 
P 
P 

0.3 
5.0 
0.4 
1.2 

940 
940 
940 
940 

2540 
2540 
2540 
2540 

2159 
2159 
2159 
2159 

381 
381 
381 
381 

1334 
1334 
1334 
1334 

3493 
3493 
3493 
5493 

0.1006 
0.1020 
0.0942 
0.1103 

0.46 
1.96 
0.50 
0.90 

254.887 
60,050 
126.564 

Missouri  River  Bridge 
Community  South  of  Missouri  River  Bridge  to 

SR 

2 

G 

1.2 

69 

138 

130 

8 

28 

158 

0.1230 

2.06 

14,612 

Community  North  of  Missouri  River  Bridge 
Community  North  of  Missouri  River  Bridge 

SR 

2 

G 

2.4 

39 

78 

73 

5 

18 

91 

0.1258 

0.97 

4.053 

to  Hardy  Creek 
Hardy  Creek  to  End  of  Location 

SR 
SR 

2 
2 

G 
G 

1.3 
0.2 

17 
36 

34 
72 

32 
68 

2 
4 

7 
14 

39 
82 

0.1250 
0.1204 

1.67 
0.10 

2.924 
360 

S522.449 

'  1— inlersiale       SR— Service  Road       ^  P— Paving       C— Gravel        ^  6%  Trucks  on  Service  Roads 
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TABLE  2 

ANNUAL  CONSTRUCTION  AND  A\AINTENANCE  COST 

Construction  Costs  at  6Cr  Inicrevt 


Estimated  Life     Total  Cost  Annual  Cost 

Alternate       !tfm  Vears  Dollars  *K  Dollars 


Right  of  Way  50 

87,000  X 

0.0634 

= 

$  5,516 

Grading  and  Drainage  40 

1.128,739 

0.0665 

75.061 

Major  Structur«  40 

2,140,000 

0.0665 

142.310 

Surfacing  20 

657.051 

0.0872 

57,295 

Maintenance:    Interstate  -i-Iane  ().6S  miles  &'  $3,000/ mile 

20.040 

Frontage  2-laiie 

7.93  miles  @  $  200,  mile 

1,586 

Total 

$301,808 

Right  of  Way  50 

86,000 

0.0634 

$  5.452 

Grading  and  Drainage  40 

1.323.932 

0.0665 

88.041 

Major  Structures  40 

2,125.000 

0.0665 

141.313 

Surfacing  20 

677,051 

0.0872 

59.039 

Maintenance:    Interstate  4-lane 

6.79  milM  $3.000/mile 

20,370 

Frontage  2-lane 

7.93  miles  ff  S  200/mile 

1,586 

Total 

S3 15.801 

Right  of  Way  50 

51,000 

0.0634 

$  3.233 

<>rading  and  Drainage  40 

1.795,755 

0.0665 

119,418 

Major  Structures  40 

1,888,000 

0.0665 

125.552 

Surfacing  20 

691.683 

0.0872 

60.315 

Maintenance:    Interstate  4-lane 

7.04  miles  (•  $3.000/miIe 

21,120 

Frontage  2-lane  4.37  miles  &  $  200/mi!e 

874 

Total 

$330,512 

Right  of  Way  50 

51.000 

0.0634 

$  3.233 

Grading  and  Drainage  40 

2,470,606 

0.0665 

164,295 

Major  Structures  40 

106.000 

0.0665 

7.049 

Surfacing  20 

833.497 

0.0872 

72,681 

Maintenance:   Interstate  4-lane  7.64  miles  ("   $3,000,  mile 

22.920 

Frontage  2-lane  4.83  miles  €  $  200/miIe  966 
Total   


$271,144 


Estimated  Life     Total  Cost  Annual  Cost 

Alternate       Item  Years  Dollars  *K  Dollars 


A       Right  of  Way                   50              S   150,000        X  0.0634       —  S  9,510 

Grading  and  Drainage       40                1,578.656  0.0665  104,981 

Major  Structures              40                2,659.000  0.0665  176,824 

Surfacing                         20                  431,057  0.0872  37,588 

Maintenance:    Ititerstate  4-lane  3.05  miles  @  $3,000,/mile  9,150 

2-lane  0.93  miles  ^-  $2,000  mile  I.86O 

Maintenance:    Frontage  2-Ianc  4.78  miles  (4'  $   200,  mile  956 


Total  $  340,869 

B       Right  of  Way                50                 151.000  0.0654  $  9,573 

Grading  and  Drainage      40                1.704,478  0.0665  113,348 

Major  Structures              40                1,311,000  0.0665  87,182 

Surfacing                         20                   496.025  0.0872  43.253 

Maintenance:    Interstate  4-Iane  3-44  miles       $3,000,  mile  10  320 

2-lane  0.93  miles  &  $2,000,  mile  l,860 

Maintenance:    Frontage  2-Iane  2.74  miles  @  $   200,/mile  548 


Total  $  266,084 

C       Right  of  Way                  50  86.000  0.0634  $  5.452 

Grading  and  Drainage       40  2,700,440  0.0665  179,579 

Major  Structures              40  1,069,000  0.0665  71.089 

Surfacing                         20  398,744  0.0872  34,770 

Maintenance:    Interstate  4-lane  2.92  miles       $3,000,  mile  8.760 

2-lane  0.90  miles       $2,000,  mile  i.gOO 

Maintenance:    Frontage  2-lane  4.80  miles  C'-  $  200,  mile  96O 


$  302,410 


*K— Capital  Recovery  Factor 


TABLE  3 

SUMMARY  OF  ALL  ANNUAL  COSTS  FOR  ALL  ALTERNATES 


PASE  37 


PART  I 


ANNUAL  CONSTRUCTION  COST 

ANNUAL  MAINTENANCE  COST 

AIVNUAL  OPERATING  COST 

TOTAL  OF  ALL  COSTS 

ANNUAL  SAVINGS  IN  FAVOR 
OF  ALTERNATE  1 


I 

$  280,182 
21,626 
851,326 
1.153,134 


S  293.845 
21,956 
866,028 
1.181,829 

28.695 


$  308,518 
21,994 
899,112 
1.229,624 

76,490 


4 

$  247,258 
23,886 
967,941 
1,239,085 

85,951 


ANNUAL  CONSTRUCTION  COST 

ANNUAL  MAINTENANCE  COST 

ANNUAL  OPERATING  COST 

TOTAL  OF  ALL  COSTS 

ANNUAL  SAVINGS  IN  FAVOR 
OF  ALTERNATE  C 


A 

S  328,903 
11,966 
532,388 
873,257 

48,398 


PART  n 
B 

$  253,356 
12,728 
578,044 
844,128 

19.269 


C 

$  290,890 
11,520 
522,449 
824.859 


TABLE  4 

SUMMARY  OF  ALL  ANNUAL  COSTS  FOR  ALL  ALIGNMENTS 

'■'^                                '-C             ^-A               2.B  2-C  3-A  3.B  3-C  4-A  4-8  4-C 

ANNUAL  CONSTRUCTION  COST            S  609.085     S  533,538     $  571,072     S  622.748      $  547,201  $  584,735  $  637,421  $  561,874  $  599,408  $  576,161  $  500,614  $  538,148 

ANNUAL  MAINTENANCE  COST                  33,592          34,354          33.146          33.922           34.684  33.476  33.960  34.722  33.514  35.852  36,614  J5.406 

ANNUAL  OPERATING  COST                    1.383,714       1.429.370       ,.373.775       ..398.416        ,.444.072  1.388.477  1.431.500  1.477.156  1.421.561  1.500.329  1.545.985  1.490.390 

TOTAL  OF  ALL  COSTS                    2,026,391       1.997.262       1,977.993       2.055.086       2,025,957  2.006.688  2.102.881  2,073,752  2.054.483  2.112,342  2.083.213  2,063.944 
ANNUAL  SAVINGS  IN  FAVOR 

OF  ALIGNMENT  NC                                48.398           19.269                              77,093           47,964  28.695  124.888  95.759  76.490  134,349  105.220  85.951 
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Miscellaneous  Considerations 

Maintenance  of  Traffic 

The  c(»t  to  the  highway  contractor  for  maintaining  passage  and 
deiours  through  the  area  under  construction  is  a  very  real  expense. 
It  will  appear  in  construction  bids  as  a  maintenance  of  traffic  item, 
if  used,  or  else  be  reflected  in  higher  unit  bid  prices  and  is  directly 
related  lo  the  distance  involved. 

for  this  project  the  cost  of  maintenance  of  traffic  was  considered 
great  enough  to  bear  consideration.  The  cost  was  computed  for  each 
individual  alternate  studied  by  determining  an  estimated  shutdown 
time  for  the  contractor  while  vehicle  passage  was  allowed.  This 
time  was  used  to  charge  renul  costs  for  the  equipment  estltnaied 
to  be  used  and  for  wages  that  would  accrue.  Alignment  4-B  which 
generally  follows  the  existing  primary  highway,  would  create  the 
greatest  construction  disruption  by  traffic.  Aiiernaie  1  would  have  the 
least  maintenance  of  traffic  costs  of  Alternates  1  through  4.  Alternate 
A  ha^  no  maintenance  of  traffic  costs  and  Alternates  B  and  C  have 
approximately  the  same  cost.  This  item  is  listed  in  Figure  37. 

The  counterpart  of  the  expense  discussed  above  is  the  additional 
vehicle  operation  cost  to  the  road  user  from  traveling  on  roads  under 
construction.  This  too  is  a  very  real  expense  but  ts  often  considered 
as  somewhat  more  intangible,  since  it  will  never  appear  in  the  bids 
for  the  construction  work.  A  precise  computation  and  comparison  for 
this  item  is  difficult  due  to  the  unpredictability  of  the  extent  of 
time  required.   It  will  be  related  to  the  contract  time  allowed  for 


project  construction  but  under  this  upper  time  limit,  variance  will 
txtur  according  to  the  different  methods  of  handling  the  project  by 
different  contractors. 

This  higher  operating  cost  per  mile  considers  stops,  longer  travel 
time,  more  vehicle  and  tire  wear  and  lower  gear  operation,  among 
other  items.  This  expense  is  not  incorporated  into  the  construction 
cost  summary  or  the  road  user  benefit  analysis,  but  should  be  con- 
sidered in  location  selection.  The  following  table  shows  the  esti- 
mated costs  for  one  year  to  the  road  users  by  travel  on  a  detour  type 
roadway  as  compared  to  the  Interstate,  and  the  costs  accrued  through 


delay  while 

blasting  and  related 

operations  are 

performed. 

Cost  Due 

Cost  Due 

Alternate 

to  Detour 

to  Delay 

Total  Cost 

1 

S  76,285 

S  73.710 

$149,995 

2 

105.120 

147,420 

252,540 

3 

134,i20 

221.130 

355,450 

4 

184.325 

294.840 

479.165 

A 

52,560 

36.855 

89,415 

B 

78,840 

73,710 

152.550 

C 

28,835 

73,710 

102.545 

The  expense  for  detours  is  computed  by  multiplying  the  difference 
between  the  present  road  users  cost  per  mile  and  the  road  users  cost 
on  a  detour  type  roadway  per  mile  (3.14('),  times  the  number  of  af- 
fected miles  (variable  with  each  alternate)  and  the  daily  1964  ADT 
(1640).  For  this  comparison  it  is  assumed  that  all  portions  involving 
interruption  of  normal  traffic  operation  for  any  one  alternate  would  be 
under  construction  simultaneously.  On  the  assumption  that  the  in- 


terruption period  would  be  365  days  for  all  lines,  the  additional  cost 
of  vehicle  operation  to  the  road  user  on  Alignment  4-B,  for  instance, 
over  and  above  the  equivalent  cost  on  the  recommended  Alignment 
1-C  would  be  $288,440.  The  proportion  of  cost  differencial  between 
these  two  lines  would  be  even  greater  if  construction  schedules  and 
duration  of  interruption  of  service  for  all  Alternates  were  worked 
out  in  detail.  This  is  an  additional  item  which,  from  a  cost  stand- 
point, makes  Alignment  1-C  more  favorable. 

The  expense  for  delay  was  computed  by  multiplying  the  hourly 
delay  cost  (SI.60)  times  the  average  expected  delay  (15  min.)  times 
the  1946  ADT  (1640)  times  the  estimated  construction  period.  (IW 
months  to  12  months,  relating  to  the  rock  construction  necessary 
where  confliction  with  traffic  will  occur). 

Access 

The  access  control  of  Interstate  Highways  is  governed  by  the  law 
which  established  the  system  and  set  the  standards.  It  is  one  of  the 
outstanding  built-in  safety  features  of  these  roads.  Random  access, 
turning  and  parking  are  not  permitted  and  the  right-of-way  limits 
are  fenced.  Access  to  facilities  of  more  than  two  lanes  can  be  made 
only  at  interchanges.  This  characteristic  has  a  direct  bearing  on  the 
present  and  potential  utilization  of  the  valley. 

Access  costs  include  the  expense  of  construction  required  to  build 
access  roads  to  areas  which  can  no  longer  be  served  by  presesnt  facili- 
ties, due  to  the  alignment  and  access  control  of  a  new  highway.  In 
many  instances  present  rural  access  facilities  are  not  of  a  high  type 
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and  new  access  roads  of  a  similar  type  can  be  provided  at  low  cost. 
In  other  areas  the  cost  of  an  acceu  road  may  be  higher  than  the  value 
of  the  land  lo  be  served  and  the  purchase  of  the  land  segregated  is 
the  most  ccooomical  solution.  Under  other  conditions  it  may  be  less 
costly  to  make  a  monetary  settlement  for  present  and  future  access 
rights  with  the  property  owner  involved  rather  than  to  provide  access. 

Due  to  the  confining  nature  of  the  Missouri  River  canyon  and  to 
the  flood  plain  deposits  that  the  river  has  created  where  residential 
developments  have  begun,  many  sm^ll  areas  will  require  access.  Each 
alignment  from  the  beginning  to  end  must  have  a  distinct  and  separate 
group  of  access  roads.  Some  grazing  land  and  some  small,  chiefly 
cultivated  fields  are  not  served  by  the  service  roads,  since  the  value 
of  the  land  does  not  merit  an  expenditure  as  large  as  the  cost  of  a 
service  road.  Some  of  these  areas  are  fenced  with  at-grade  access 
presently  available  from  the  existing  highway.  Other  areas,  which 
rise  more  steeply,  are  not  fenced.  These  areas  must  be  purchased  or 
access  gained  in  the  future  by  cross-country  trails  from  the  remaining 
accessible  locales.  The  costs  of  this  severed  access  will  be  small  when 
compared  to  the  total  cost  of  the  Interstate  in  this  study. 

The  areas  under  discussion  arc  predominantly  adjacent  to  and 
southeast  of  the  Interstate,  where  it  will  be  constructed  on  the  south- 
east side  of  the  Missouri  River.  From  the  maps  In  this  report,  it  can 
easily  be  seen  that  Alternate  1  will  have  fewer  areas  where  access  is 
severed.  Alternate  4  would  have  a  considerably  larger  number  of 
these  severed  access  areas.  Alternates  2  and  3  would  have  a  numbct 
that  lies  between  those  of  Alternates  1  and  4.  The  severed  areas,  by 
construction  of  Alternates  A,  B  and  C,  would  be  few. 


No  justification  can  be  shown  to  provide  vehicular  access  to 
the  norchwcst  side  of  the  Missouri  River  where  some  of  the  alternates 
could  be  constructed.  Access  lo  this  area  is  presently  gained  by 
boat,  barge  or  cable  car.  Where  the  access  is  hampered  or  removed 
by  the  Interstate  construction,  compensations  will  necessarily  have  to 
be  made.  It  is  possible  that  at  some  future  time  a  modification  of 
access  justification  may  advocate  additional  access.  However,  at  this 
time  this  construction  is  not  warranted. 

The  construction  cost  for  several  service  roads  were  computed  but 
are  not  included  in  this  report.  It  was  found  through  the  analysis  of 
costs  to  the  road  user  that  these  service  roads  would  not  prtxluce  bene- 
fits commensurate  with  their  cost.  Two  of  these  are  the  roads  that 
allow  continuous  service  through  the  area  at  the  Williagton  Tract 
by  connecting  the  existing  road  where  it  will  be  served  by  Interstate 
construction.  On  Alternate  A,  consideration  was  given  to  constructioo 
of  a  service  road  under  an  additional  span  of  the  Missouri  River 
bridge  immediately  north  of  the  railrt>ad  tunnel.  The  benefit  to  the 
road  user  in  terms  of  dollars  was  computed  and  found  to  merit  an 
additional  construction  expendimre  of  $30,000.  However,  the  addi- 
tional bridge  span  is  estimated  to  cost  S50,000.  On  Alternate  B, 
consideration  was  given  to  the  construction  of  a  service  road  that 
would  connect  the  Willington  Tract  to  Interchange  2.  Road  user 
benefits  merit  an  additional  expenditure  of  S63,000  to  construct  this 
road.  The  construction  cost  estimate  amounts  to  $103,000. 

These  service  roads  are  neither  shown  on  the  layouts  nor  in- 
cluded in  the  cost  esumates  for  the  respective  alternates  and  are  not 
needed  lo  provide  minimum  service.   However,  if  the  study  or  con- 


struction of  either  Alternate  A  or  B  is  pursued  further  in  the  in- 
terests of  desirable  continuity,  additional  consideration  should  be  given 
to  diese  roads,  even  though  they  may  not  show  an  economic  benefit. 

A  portion  of  the  existing  primary  highway  is  planned  to  be  re- 
tained for  service  road  purposes,  and  where  no  cunfliction  occ-urs  with 
Interstate  construction,  for  detour  roadway.  New  consirucuon  will  be 
necessary  where  a  confliciioo  occurs.  This  too,  can  be  employed  for 
detour  roadway  through  a  proper  construction  sequence.  Since  it  is 
desirable  to  have  a  paved  surface  on  the  detour  roadway  and  die  por- 
tions of  this  detour  that  are  the  cxisiiog  highway  are  already  paved, 
it  is  recommended  that  a  plant  mix  surface  be  placed  on  the  new 
service  roads.  A  probable  minimum  surfacing  section  as  used  for 
the  cost  estimates  is  shown  in  the  Typical  Roadway  Sections. 

The  future  ADT  on  the  service  roads  for  Alignment  1-C  is  in 
the  range  of  100  vehicles  and  those  for  the  service  roads  on  other 
alignments  are  both  more  or  less  than  this  figure.  Daily  usage  by 
current  traffic  shows  that  when  these  service  roatb  are  employed  for 
detour  roadway,  traffic  would  exceed  900  vehicles  per  day.  The  paved 
service  roads,  combined  with  the  remaining  existing  paved  hi^way 
will  provide  continuity  of  a  mediiun  type  paved  frontage  road  essen- 
tially throughout  the  length  of  the  project.  These  two  features— (I) 
The  use  by  future  area  traffic  and  b>'  more  immediate  detour  traffic 
and  (2)  The  desirability  of  continuity  of  a  road  standard — are  con- 
sidered ample  justification  for  providing  a  plane  mix  surface  on 
the  service  roads  at  the  time  of  construction. 

One  accommodating  feature  of  the  existing  primar>'  highway  that 
has  proved  useful  and  popular  is  the  frequent  spacing  of  parking  ar«as 
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along  the  river  for  use  by  tourists  and  fishermen.  Since  random 
parking  and  personal  access  to  and  from  the  fenced  right-of-way  is 
not  within  the  use  concept  of  the  Interstate  Highway,  coniiideraiion 
should  be  given  to  providing  similar  parking  areas  or  turnouts  on  new 
frontage  roads.  A  reference  to  the  typical  roadway  section  will  show 
that  some  limited  space  for  parallel  parking  could  be  used  between 
the  service  road  and  the  controlled  access  fence.  There  is  no  cost  fig- 
ured or  included  in  the  estimates  for  any  additional  widening  of  the 
service  roads  for  parking  areas.  Guard  rail  is  also  shown  on  the  Typi- 
cal Roadway  Sections  and  will  be  required  on  the  service  roads  where 
they  are  immediately  adjacent  lo  the  river. 

The  alignments  of  the  various  alternates  and  the  service  roads 
necessary  for  adequate  access  into  areas  adjacent  to  the  Interstate 
Highway  arc  shown  on  pages  40  and  41.  The  service  roads  arc  num- 
bered and  are  described  and  located  as  follows: 

SR  1  would  begin  at  the  Beginning  of  Project.  It  would  be  an 
extension  of  the  access  road  that  connects  to  the  Stickncy  Creek  Inter- 
change 5.  It  would  provide  access  into  a  developed  area  2,000  feet 
into  the  study  area  from  the  south  end.  It  would  be  required  for  all 
alternate  locations. 

SR  2  would  be  required  for  Alternate  4  only.  It  would  coonect 
Interchange  1  at  the  Marshall  Tract  with  a  large  cultivated  area  and 
a  privately  owned  Missouri  River  cable  crossing. 

SR  3  would  be  required  for  Alternate  2.  It  would  in  part  pro- 
vide continuous  service  along  the  existing  primary  highway  berween 
the  Stickney  Creek  Interchange  5  and  Interchange  2,  allowing  rcsi- 


denu  along  the  existing  highway  to  gain  access  to  the  Interstate  from 
either  the  northerly  or  southerly  direction. 

SR  5C  would  be  constructed  with  Alternates  3  and  4.  It  differs 
from  SR  3  only  in  the  construction  of  a  vehicular  underpass  on  its 
southerly  end.  However,  the  function  of  the  access  road  is  only  to 
connect  a  developed  area  to  Interchange  2. 

SR  4  would  be  constructed  for  Alternates  B  and  C.  It  provides 
access  to  a  developed  area  southerly  across  the  Missouri  River  from 
the  Great  Northern  Railway  tunnel  from  Interchange  2. 

SR  5  would  be  constructed  with  Alternates  A  and  B.  It  would 
connect  a  farm  area  at  Hardy  Creek  to  the  most  northerly  interchange 
proposed  in  the  study  area,  interchange  3. 

SR  6  would  be  constructed  for  Alternates  1,  2  and  3.  On  Alter- 
nates 1  and  2  it  would  provide  residents  in  the  vicinity  of  the  Marshall 
Tract  access  to  the  south  at  the  Stickney  Creek  Interchange  5.  On 
Alternate  3  it  would  allow  access  to  Interchange  4  from  the  area  across 
from  the  mouth  of  the  Dearborn  River  as  well  as  the  residents  that 
cn>ss  the  Missouri  River  at  this  point  and  live  on  the  Dearborn  River. 

SR  7  would  be  constructed  with  Alternate  1  only.  Its  function  is 
identical  to  that  of  SR  3.  that  is,  providing  access  to  the  tiorth  for 
residents  along  the  existing  primary  highway. 

SR  8  would  be  constructed  with  Alternates  1,  2  and  4.  It  pro- 
vides access  to  the  same  area  as  described  under  SR  6,  that  is,  the 
area  near  the  mouth  of  the  Dearborn  River.  With  Alternates  1  and 
2  it  would  serve  as  part  of  the  access  to  the  south  from  the  Marshall 
Tract  as  well. 


SR  9  would  be  constructed  with  Alternate  3  only.  It  provides  ac- 
cess from  Interchange  4  southerly.  It  would  carry  traffic  under  the 
end  of  a  Missouri  River  bridge  and  connect  to  the  existing  primary 
highway. 

SR  10  would  be  constructed  with  all  alternates.  With  Alternate 
B  and  C,  it  would  give  access  from  a  farm  area  to  Interchange  2. 
With  Alternate  A,  it  would  connect  to  the  present  traveled  way  to 
provide  access  to  the  southerly  half  of  a  residential  area  that  would 
be  split  by  the  Interstate  Highway. 

SR  1 1  would  be  constructed  with  Alternate  C  only.  It  would 
provide  continuous  service  to  the  south  for  residents  that  presently 
live  in  the  Siebold  and  Willington  Tracts. 

Due  to  the  fact  that  the  embankment  and  excavation  necessary 
for  the  service  roads  are  an  integral  part  of  the  Interstate  roadway 
section,  the  cost  of  these  roads  are  incorporated  into  the  summary 
with  the  other  items  of  the  Interstate  construction. 

Utilities  Adjustments 

The  involvements  of  the  Great  Northern  Railway  gravel  pit  with 
the  proposed  Interstate  location.  Alternate  C,  is  discussed  in  the  sec- 
tion of  this  report  "Geometries  and  Locations,  Alternate  C".  This 
section  will  explain  in  detail  the  proposed  construction  and  other  facets 
of  this  location. 

The  Montana  Power  Company  is  the  only  other  utility  involved 
with  the  Interstate  within  this  study.  Through  a  discussion  with  this 
company,  a  cost  figure  of  S40.00  per  pole  for  relocation  of  7.2  KVA 
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power  poles  was  obtained.  In  comiiaring  all  alternates  it  was  found 
lhat  each  alternate  will  accrue  approximately  the  same  cost.  la 
comparison  with  the  aggregate  construction  costs,  the  expense  will 
be  minimal.  Pole  relocations  vary  from  10  to  100  poles  on  the  indi- 
vidual alignments.  The  relocation  expense  is  included  with  the  right- 
of-way  item  in  the  cost  summaries. 

Right  of  Way 

The  estimated  costs  of  the  access  damages  and  right-of-way  were 
prepared  for  this  report  by  the  Montana  Highway  Department.  The 
estimated  costs  on  each  alternate  location  indicated  that  no  extremely 
high  amounts  would  be  engendered  on  any  alternate.  The  Great 
Northern  Railway  gravel  pit  encountered  on  Alternate  C.  and  the 
Willington  Tract  on  Alternate  A  will  be  the  two  largest  right-of-way 
cost  items.  The  area  traversed  is  predominately  cultivated  fields  and 
grazing  land.  The  pictorial  pages  near  the  beginning  of  this  repon 
show  some  of  the  areas  within  this  study. 

A  discussion  of  the  ramifications  of  Alternate  C  through  the 
Great  Northern  gravel  pit  will  be  found  in  the  section  entitled,  "Geo- 
metries and  Locations,  Alternate  C."  The  Willington  Tract  is  a  built- 
up  residential  area  south  of  the  old  steel  Missouri  River  bridge.  The 
extent  of  development  of  this  area  is  not  shown  on  the  Photo-Plans 
in  this  report  since  the  photos  were  taken  in  1956. 

Stickney  Creek  Area 

The  earlier  report  covering  the  highway  reconnaissance  study  of 
the  area  south  of  Stickney  Creek  to  Wolf  Creek  gave  consideration 


to  traffic  service  in  the  Stickney  Creek  area.  Costs  were  included 
for  the  required  features  as  they  could  be  determined  within  the  scope 
of  the  limits  of  that  project.  However,  it  was  apparent  that  to  obtain 
the  greatest  advantage,  the  evaluation  of  service  to  the  area  nonh  of 
Stickney  Creek  should  be  included  and  this  was  so  stated  in  the  pre- 
vious report.  Investigation  of  the  traffic  service  in  the  current  study 
area  has  included  the  examination  of  the  relationship  that  the  adjoin- 
ing areas  bear  to  each  other  and  it  is  logical  to  discuss  it  as  part  of 
this  report. 

The  proposed  design  in  the  Stickney  Creek  area  as  published  and 
approved  prior  to  this  present  study  comprised  a  two  lane  section  of 
Interstate  on  which  there  were  three  structures,  one  of  which  incor- 
porated a  half  diamond  interchange.  Under  bare  minimum  cost  and 
Interstate  standards  conditions,  this  layout  would  serve  for  Alternates 
3  and  4.  Alternates  1  an  2.  unlike  3  and  4,  do  not  have  an  inter- 
change in  the  Marshall  Tract  area.  Therefore  additional  access  serv- 
ice must  be  embodied  into  the  interstate  to  accommodate  the  residents 
and  users  of  this  Marshall  Tract  area. 

The  half  diamond  mentioned  above  would  provide  service  to  the 
road  user  who  wishes  to  go  north  or  return  from  the  north  using 
the  Interstate  system  by  means  of  a  southbound  off-ramp  and  a  north- 
bound on-ramp.  The  road  user  who  wishes  to  use  the  Interstate 
system  in  a  southerly  direction  would  have  to  use  the  existing  high- 
way to  gain  access  at  Craig  or  Wolf  Creek  or  go  north  to  Interchange 
2.  In  order  to  gain  access  at  Craig  the  road  user  must  traverse  the 
existing  Missouri  River  bridge  which  was  built  in  1903.  This  15 
foot  wide  structure  was  inspected  in  1957  by  the  Montana  State  High- 


way Department  and  the  load  limit  was  established  at  six  tons  and 
the  speed  restricted  to  ten  miles  per  hour.  To  obtain  access  at  Wolf 
Creek  the  road  user  must  travel  farther  on  a  lower  type  road.  To 
obtain  access  at  Interchange  2  the  road  user  must  travel  farther  on 
the  Interstate  and  a  lower  type  road. 

A  comparison  has  been  made  between  the  additional  expense  of 
vehicle  operating  costs  and  the  construction  costs  of  the  additional 
two  ramps.  The  results  show  that  the  most  economy  lies  in  provid- 
mg  the  additional  two  ramps  for  full  service  at  Stickney  Creek.  With 
the  aforementioned  access  at  Craig  excluded  due  to  undependahiiity. 
the  lowest  additional  toad  user  cost  over  that  incurred  in  traveling 
the  Interstate,  if  access  at  Stickney  Creek  is  available,  is  $10,103  per 
year  This  would  be  for  die  alternative  with  traffic  going  south  on 
the  existing  highway  and  gaining  access  at  the  Wolf  Creek  Inter- 
change. The  cost  of  the  two  additional  ramps  is  $20,000  or  $1,744 
per  year  when  prorated  to  an  onnual  cost  basis  for  20  years,  since  it 
is  largely  an  expenditure  for  surfacing. 

The  study  of  the  area  shows  that  an  average  of  132  vehicles 
per  day  will  be  leaving  or  entering  the  Interstate  at  diis  point  on 
Alternate  1  or  2.  Interstate  design  standards  do  not  permit  at-grade 
access  where  the  design  ADT  exceeds  50  vehicles.  An  interchange  is 
therefore  required  at  this  site  and  based  upon  the  foregoing  discus- 
sion should  be  increased  from  the  previously  proposed  and  approved 
half  diamond  to  a  full  service  modified  diamond  type. 

It  has  been  the  goal  of  the  Montana  State  Highway  Department 
lo  construct  four-lane  facilities  through  all  interchanges.   Two  lane 
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iniercbaagcs  are  undesireable.  They  require  measures  such  as  barriers 
along  the  highway  cenierline  in  order  to  prevent  the  improper  use 
of  ramps  and  unsafe  turning  movements.  The  use  of  such  measures 
may  change  the  status  of  the  Interchange  vicinity  from  a  nun-re- 
scrinive  passing  area  to  a  restriaed  no-passing  zone.  This  introduc- 
tion of  potential  hazards  to  safety  requires  additional  signing. 

The  use  of  a  barrier  in  the  center  of  the  highway  also  results 
in  the  requirement  for  wider  pavement  lo  provide  necessary  clear- 
ances between  the  barrier  and  the  inside  edges  of  the  traffic  lanes.  At 
such  a  lime  as  expansion  is  required  from  a  rwo  lane  to  a  four  lane 
interchange,  more  than  just  the  cost  of  the  additional  required  pave- 
ment width  is  involved  because  a  change  and  rebuilding  of  ramps 
may  then  be  required  also.  These  reasons  support  the  use  of  four 
lane  interchanges  in  general  and  the  one  ai  .Siickney  Creek  in  par- 
ticular. 

With  the  interchange  as  a  four  lane  facility  it  will  be  necessary 
to  construct  the  roadway  between  this  interchange  and  the  Beginning 
of  Project  of  the  Stickney  Creek  to  Matdy  Creek  section  as  four  lanes 
also,  due  to  inadequate  distance  for  two  transitions  from  four  lane  to 
two  lane  and  back  to  four  Jane.  The  additional  construction  cost  for 
four  lanes  over  two  lanes  from  and  through  the  Stickney  Creek  In- 
terchange to  the  Beginning  of  Projea  is  SI0,410  per  year  on  an 
annual  cost  basis.  This  does  not  include  the  cost  of  ramps. 

The  A.A.S.H.O.  "Information  Report  on  Road  User  Benefit  Analy- 
sis for  Highway  Improvements"  states,  "The  item  of  system  solvency  is 
applicable  largely  to  consideration  of  a  system  or  a  group  of  State 
systems  of  highways.  Some  portions  on  any  highway  system  will  re- 


sult in  revenues  well  in  excess  of  the  continuing  costs  for  that  por- 
tion, but  on  others  the  revenue  will  not  equal  the  costs.  It  should 
not  be  inferred  that  an  insolvent  route  should  be  closed  or  that  a 
projwsed  route  which  obviously  will  be  insolvent  should  not  be  de- 
veloped. The  practice  of  using  the  excess  revenues  on  others  is  time- 
honored.  System  solvency  is  dependent  upon  an  over-ail  balance  and 
may  include  recognized  subsidy  for  a  part  of  the  system." 

The  0.7  mile  section  of  2-lane  roadway  that  lies  immediately  south 
of  this  interchange  falls  into  the  subject  realm  of  this  quotation. 
Eleven  consecutive  miles  of  four  lane  Interstate  highway  north  of  this 
section  are  proposed  and  21  consecutive  miles  Muth  of  this  section 
are  approved,  or  have  plans  completed,  or  are  under  construction  as 
four  lane.  Of  the  total  of  44  miles  of  Interstate  between  Helena 
and  this  section  all  are  four  lane  with  the  exception  of  5  miles  of 
two  lane  in  the  Sieben  Flats  area.  From  a  practical  standpoint  this 
short  section  under  discussion  should  be  four  lanes.  Considerations 
for  maximum  safety  features  dictate  that  the  continuity  of  the  four 
lanes  should  be  maintained.  This  is  supported  also  by  the  concepts 
of  the  Interstate  system  regarding  high  standards  and  unquestioned 
adequacy.  When  viewed  in  this  perspective,  farsightedness  and  sound 
judgment  will  support  an  authoritative  decision  to  construct  this  pre- 
viously proposed  two  lane  section  as  four  lanes.  This  will  then  result 
in  33  consecutive  miles  of  four  lane  facility  from  Sieben  to  Hardy 
Creek  or  56  miles  from  Helena  to  Hardy  Creek  which  will  all  be  four 
lane  with  the  exception  of  5  miles  of  two  lane  in  the  Sieben  Flats 
area. 


Based  upon  the  foregoing  appraisal  of  the  Stickney  Creek  area 
it  is  firmly  recommended  that  the  previously  reported  two  lane 
section  in  the  Stickney  Creek  area  be  revised  and  constructed  as  a 
four  lane  section  and  that  the  Stickney  Creek  Interchange  be  approved 
and  constructed  as  a  full  service  interchange. 

Basis  for  Construction  Cost  Estimates 

An  estimate  as  complete  and  detailed  as  possible  and  within  the 
realm  of  accuracy  warranted  by  a  preliminary  engineering  report  was 
prepared  for  each  alternate  location  of  this  study.  The  cost  summary 
appears  as  Figure  37  and  compares  the  various  alternates.  The  totals 
in  this  figure  do  not  include  allowances  for  engineering  and  con- 
tingencies. However,  in  Figure  No.  40  in  which  the  recommended 
alignment  is  scheduled,  an  item  in  the  amount  of  10%  of  the  total 
construction  cost  has  been  added  for  construction  engineering  and 
contingencies. 

Excavation  costs  vary  directly  with  the  amount  of  rock  excava- 
tion anticipated.  The  costs  range  from  SO.40  to  $1.25  per  yard  for 
dirt  and  solid  rock  respeictively.  These  prices  include  watering  and 
rolling.  A  careful  geologic  inspection  with  engineering  construction 
procedures  in  mind  was  made  of  all  locations  considered.  From 
this  examination,  areas  of  different  per-yard  excavation  costs  were 
established. 

Since  the  surfacing  section  in  an  area  with  a  rocky  subgrade 
will  be  more  capable  of  withstanding  roadway  pressures  without  de- 
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furmaiicn  than  will  areas  of  dirt  embankmeni,  (he  surfacing  section 
employed  in  the  ilnal  design  of  the  Interstate  will  be  altered  with 
respect  to  the  stability  of  the  subgrade.  However,  for  the  purposes 
of  this  report  a  typical  section  was  used  thai  will  average  the  thick- 
ness of  base  surfacing  for  the  din  and  rock  subgrade  areas  traversed. 
Typical  sections  are  shown  in  Figure  36.  The  gravel  weight  for  sur- 
facing was  computed  at  3,200  pounds  per  cubic  yard.  Bituminous 
material  use  and  application  rates  are  in  accordance  with  present  Mon- 
tana State  Highway  Department  practice. 

A  suounary  of  bridge  costs  for  all  alternates  appears  on  Figures 
38  and  39-  A  lump  sum  price  of  $10,000  per  interchange  and  $500 
per  roadway  transition  for  signing  and  lighting  has  been  used.  Cul- 
vert Jengihs  for  the  estimate  were  determined  from  the  cross  sections 
of  the  proposed  roadway  embankment  at  the  point  of  crossing.  Shoulder 
guard  rail  is  figured  on  all  embankment  slopes  exceeding  10  feet  in 
heights.  Barrier  guard  rail  in  the  median  strip  of  4-l3nc  narrow 
median  roadway  will  consist  of  single  posts  and  double  rails.  As 
indicated  in  Figure  40,  the  unit  price  of  $5.00,  used  for  barrier  guard 
rail  is  twice  that  for  shoulder  guard  rail.  Type  C.  W.  Standard  In- 
terstate Fencing  was  computed  on  the  center  line  length  for  two 
sides  continuous  at  $8.00  per  rod. 

Access  costs  and  right-of-way  costs  were  discussed  in  previous 
sections  of  this  report  and  are  listed  as  lump  sums  in  the  Cost 
Estimate.  In  the  summary  of  Figure  37  these  costs  are  combined  under 
the  heading  Right-of-Way. 


The  estimates  presented  in  Figures  37  through  40  do  not  in- 
clude the  costs  required  by  the  recommended  revisions  outlined  in 
this  report  pertaining  to  the  Slickney  Creek  Area  south  of  the  Be- 
ginning of  Project.  All  unit  prices  were  generally  based  on  the 
suxmmry  of  I960  and  1961  average  low  bid  prices  on  the  projects 
contracted  by  the  Highway  Commission. 

Construction  Sections 
Of  the  Recommended  Location 

It  is  the  purpose  of  plaiming  sections  of  the  construaion  in  an 
order  of  contract  letting  to  make  the  greatest  extent  of  completed 
roadway  available  to  the  traveling  public  in  the  shortest  time.  It 
is  recommended  that  the  portion  of  the  Interstate  included  in  this  re- 
port be  broken  into  two  major  construction  sections.  The  first  section 
will  be  that  portion  of  the  alignment  southerly  of  Interchange  2. 
The  second  section  will  be  northerly  from  this  point. 

In  the  first  section  there  will  be  two  Missouri  River  crossings. 
Each  will  have  a  magnitude  great  enough  to  be  considered  a  separate 
contract  bid.  Each  of  these  structures  is  estimated  to  be  over  S750.000. 
Therefore,  plan  approval  must  be  made  by  the  Washington.  D.  C.  office 
of  the  Bureau  of  Public  Roads,  Engineering  should  be  begun  on  these 
structures  in  an  adequate  length  of  time  before  the  roadway  contract 
is  planned  to  be  let  that  the  completion  dates  of  the  structures  are 
close  lo  the  completion  date  of  the  roadway.    The  contract  letting 


dates  of  the  structures  and  roadway  can  be  close  together  since  the 
estimated  time  for  completion  of  construaion  of  the  structures  and 
the  roadway  are  about  the  same. 

The  second  section  will  contain  a  Missouri  River  crossing  also. 
However,  the  roadway  contract  is  expected  to  take  a  longer  period 
of  time  than  will  the  structure.  Therefore,  the  roadway  contract  can 
be  let  before  the  structure  contract.  Again  the  completion  date  of 
the  structure  should  be  dose  to  the  completion  date  of  die  roadway. 

The  interchange  between  the  two  construction  sections  could  be 
constructed  with  either  section.  Little  inconvenience  to  traffic  is  neces- 
sary  during  construction  of  this  interchange.  It  is  recommended,  how- 
ever, that  the  interchange  be  constructed  widi  the  first  ^section  in  order 
to  better  balance  die  cost  of  the  roadway  sections  and  to  keep  the 
cost  of  the  second  seaion  lower,  thereby  allowing  more  bidders  to 
participate  and  bringing  more  competitive  bid  prices. 

There  will  be  small  structures  in  the  two  sections.  Current  prac- 
tice of  the  Montana  Highway  Commission  at  the  time  of  letting  will 
dictate  whediet  diey  shall  be  let  individually  or  with  the  roadway 
contract.  In  the  breakdown  of  the  Cost  Summary  of  Construction 
Seaions  these  structures  are  shown  combined  with  the  roadway  sec- 
tions. 

Thb  summary  of  the  recommended  construction  sections  is  shown 
in  Figure  40. 
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160,487 

496,025 

91.635 

1,31  l.OUO 

41,049 

151,000 

3.662,503 

C 

3.82 

12,990 

62,965 

2,380.312 

147.810 

398,744 

67,460 

1.069.000 

28,903 

86,000 

4,254,184 

Alignment  LA  1-B  l-C  2-A  2-B  Z-C  3-A  vB  5^  4.A  4.B  4.C 


Total  Construction  Cost  58,831,503  $7,675,293  $8,266,974  $9,030,696  $7,874,486  $8,466,167  $9,245,151  $8,088,941  $8.6S0.(,JJ  $8,279,816  $7,125,606  $7,715,287 
Length— Miles  10.66  11.05  10.50  10.77  11.16  10.61  11.02  11.41  10.86  11.62  12.01  11.46 


FIGURE  38 


SUMMARY  OF  PRELIMINARY  COST  ESTIMATES  OF  STRUCTURES 

INTERSTATE  15  -  STICKNEY  CREEK  TO  HARDY  CREEK 


STRUCTURE 
NUMBER  AND 
STATION 


STRUCTURE 
DESCRIPTION 


TENTATIVE  LAYOUT 


WIDTH  BTW,    ESTIMATED        NO.  TYPE 
CURBS  (Ft.l    LENGTH  (Ft  )     SPANS  CONSTRUCTION 


ESTIMATED  COST  FOR  ALTERNATES  CONSIDERED— DOLLARS 


ALTERNATE  l 


D 


P  220         Intcrsiate  Over 
1160+00       Missouri  River  and  R.  R. 


60 


1.053 


Prcsiressed 
Concrete  and 
Plate  Girder 


1,125,000       1,125,000  1,125,000 


P  230  Iniercbange  No.  I 

1 190+00       Inicfstaie  Over  Local 


68 


128 


Prestressed 
Concrete 


106,000 


P  240 
1223+00 


Interstate 
Over  R.  R. 


68 


193 


Prestressed 
3  Concrete 


160.000  160.000 


P  245         Interstate  Over 
1225+00       Missouri  River  and  R.  R. 


60 


796 


Prestressed 
Concrete  and 
II         Plate  Girder 


763,000 


P  248 
1298+00 


Interstate  Over 
Missouri  River 


60 


820 


WF  Steel  and 
8         Plate  Girder 


840.000 


P  250 
1353+00 


Interstate  Over 
Missouri  River 


60 


800 


WF  Srecl  and 
6         Plate  Girder 


855.000 


P  260         Interchange  No.  2 
1452+00       Interstate  Over  Local 


68 


128 


Prestressed 
3  Concrete 


106.000         106.000  106,000 


P  270 
J475+00 


Interstate  Over 
Missouri  River 


60 


640 


WF  Steel  and 
6  Plate  Girder 


705.000 


PieURC  39 


SUMMARY  OF  PRELIMINARY  COST  ESTIMATES  OF  STRUCTURES  (Continued) 

INTERSTATE  15  -  STICKNEY  CREEK  TO  HARDY  CREEK 


STRUCTURE 
NUMBER  AND 
STATION 


STRUCTURE 
DESCRIPTION 


TENTATIVE  LAYOUT 


ESTIMATED  COST  FOR  ALTERNATES  CONSIDERED— DOLLARS 


WIDTH  BTW, 
CURBS  (Fl.) 


ESTIMATED 
LENGTH  (Fl  I 


NO,  TYPE 
SPANS  CONSTRUCTION 


ALTERNATE 


P  280 
1500+00 


Incerscate  Over 
Missouri  River 


60 


625 


Presircssed 
Concrete  and 
Plate  Girder 


643.000 


P  290         Interstate  Over 
1542+00       Missouri  River  and  R.  R. 


60 


870 


10 


P  res  tressed 
Concrete  and 
Plate  Girder 


855,000  855,000 


P  300         Interchange  No.  3 
1576+00       Interstate  Over  Local 


68 


225 


Prcs  tressed 
Concrete  and 
Plate  Girder 


233,000  235.000 


P  310 
1624+00 


Interstate  Over 
Hardy  Creek 


44 


152 


Pres  tressed 
Concrete 


85,000 


85,000 


P  311 
1624+00 


Service  Road  Over 
Hardy  Creek 


24 


150 


Timber 


32,000 


52,000 


P  320         Ititerstate  Over 
1580+00       Missouri  River  and  R.  R. 


P  355          Interstate  Over 
1622+00       Hardy  Creek  and  Local 


60 


44 


815 


165 


Pres  tressed 
Concrete  and 
Plate  Girder 


Prestressed 
Concrete 


870.000 
93.000 


TOTAL  ESTIMATED  STRUCTURE  COST         $2,140,000      S2.I25,UOO      $1,888,000      $    IU6.0U0      S2.659.U00      S1.31I.000  $1,069,000 


neuRE  40 

COST  SUMA\ARY  OF  CONSTRUCTION  SECTIONS 

RECOMMENDED  ALieNMENT  l-C 


INTERSTATE  15  -  STICKNEY 

CREEK  TO 

HARDY  CREEK 

SECTION 

1—6.68  Miles 

SECTION  l- 

—3.82  Miles 

ITEM 

UNIT 

UNIT  COST 

Missouri  River 
Structures 

Roadway  and 
Olhcr  Structures 

Missuuri  River 
Structures 

Roadway  and 
Olhcr  Structures 

TOTAL 
10,50  Miles 

f  Pf*3 n n p  ji hH  tin i nni n if 

Vrf  1  ^d-l  i  lit      dli  U     \J  *  LLL7U  J  t-*fm 

L.S. 

1  limn  ^iirn 

S  42,520 

Nf ^tinf^riririri*  of  Trarri^ 

L.S, 

1  iinir>  SiTin 

Ti  (ion 

86,055 

* 

* 

lie  1  T 1 

2,025,564 

2.340,685 

Cu  Yd 

to  4(1 

290.806 

324,356 

Mi  Yd 

0  If) 

1.242 

13.810 

Cu.  Yd. 

3  35 

1  ft 

18,425 

CharincI  Alieration  and  Change 

L.S. 

Lumn  Sum 

ifi?  (1(111 

62.700 

424,700 

Ouard  Rail  Fill  Shoulden 

Lin.  f  1. 

2  50 

5y,uyo 

47,075 

86.165 

Gu&rd  Rail  MediaQ  Barrief 

Lin.  Ft. 

5.00 

100,735 

26 1 .820 

Surfacing 

§ 

§ 

657,05 1 

398.744 

1,055,795 

Small  Draioage  Structures 

L.S. 

Lump  Sum 

95.404 

67,460 

162.864 

Major  Siructures 

L.S. 

Lump  Sum 

SI. 980,000 

160,000 

$870,000 

199,000 

3.209.000 

Fencing  and  Signing 

L.S. 

Lump  Sum 

38,876 

28,903 

67.779 

Total  Cbnsiruciion  Cost 

S 1  ,y80,U00 

51,945,790 

$870,000 

$3,298,184 

$8,093,974 

Construction  Engineering  and  Contingencies, 

10% 

lys.ooo 

194,579 

87.000 

809,397 

Righi-of-Way 

87.000 

86,000 

173,000 

Total  Cost 

$2,178,000 

$2,227,369 

$957,000 

$3,714,002 

S9.076.37l 

•Unit  Cost  per  yard  of  excavation  varies  from  S0.40  to  SI  25  proponionalely  with  the  pcrccnlagc  and  njlurt  ol  rock  cntounicred- 
JUoit  Cost  per  station  varies  fnam  $1,342,00  for  2-lane  highway,  to  $1,803.00  for  4-laDe  highway. 


